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ORGANIC  CHEMISTRY. 

(PART  1.) 


INTKODUCTION. 


DETERMIXATIOX    OF   ATOMIC    WEIGHTS. 

1.  The  first  part  of  this  Pa^xir  is  ^ivcn  up  to  a  review  of 
facts  and  principles  treated  in  Physics^  Theoretical  Chemistry, 
and  under  the  heading  of  **  General  Principles*'  in  Inorganic 
Chemistry^  to  all  of  which  the  student  will  be  frequently 
referred.  Here,  the  laws  and  principles  in  the  above  men- 
tioned Papers  have  been  more  fully  treated,  in  order  that 
further  study  may  be  facilitated  and  the  study  of  Organic 
Chemistry  better  understocxl. 

It  is  imperative  that  the  student  give  careful  attention  to 
Organic  Chemistry,  for  it  is  by  no  means  an  easy  subject. 
He  should  not  rest  satisfied  with  merely  reading  this  Paper, 
but  should  give  it  thorough  study  and  frequent  review,  for, 
once  mastered,  the  principles  here  taught  will  be  of  great 
assistance  in  future  work. 

3.  Detc^rml nation  of  Atomic  Welj?hts. — An  accurate 
determination  of  the  atomic  weight  of  each  of  the  elementary 
constituents  of  matter  is  of  the  greatest  importance  to  the 
chemist,  as  no  satisfactory  classification  of  the  facts  of  chem- 
istry that  relate  to  combination,  analysis,  etc.  can  be  made 
until  the  atomic  weights  of  the  elements  are  established. 

§  1"^ 
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Further  than  this,  the  attention  paid  to  this  subject  during 
recent  years  has  led  to  the  alteration  of  many  of  the  num- 
bers, and  has  brought  with  it  the  conclusion  of  the  existence 
of  an  intimate  relation  between  the  atomic  weights  and  the 
physical  and  chemical  properties  of  the  elements  themselves. 

3.  Atomic  Welgrht  of  Elements  in  tlie  Gaseous  Con- 
dition.— In  the  remarks  that  have  been  made  in  previous 
Instruction  Papers,  it  was  pointed  out  that  an  examination 
of  the  composition  and  volume  relations  of  gaseous  com- 
pounds, together  with  considerations  based  on  Avogadro's 
law,  suffice  to  indicate  the  atomic  weight  of  the  majority 
of  the  non-metallic  elements. 

When,  however,  it  becomes  necessary  to  deal  with  the 
metals,  it  will  be  found  that  in  very  few  cases  compounds 
exist  in  the  gaseous  state  at  ordinary  conditions,  and  that 
the  arguments  which  hold  good  in  the  case  of  gaseous  bodies 
cease  to  be  applicable.  In  certain  cases,  however,  even  the 
metallic  elements  or  their  compounds  can  be  examined  in  the 
gaseous  state  by  adopting  special  expedients. 

4.  Detornil  nation  of  Vapor  Densities. — For  the  direct 
comparison  of  the  densities  of  gases,  the  relation  between  the 
weight  of  a  known  volume  of  a  gas  as  compared  with  either 
air,  hydrogen,  or  any  other  suitable  gas  may  be  ascertained 
by  Rcgfiault's  method,  which  simply  consists  in  counterpois- 
ing two  equal-sized  glass  globes — one  filled  with  the  gas  in 
(luestion,  and  the  other  with  the  gas  that  we  wish  to  compare. 

vSubstanccs  that  are,  however,  at  ordinary  conditions, 
cither  solids  or  liquids,  have  to  be  vaporised  by  heat,  and 
the  comparison  is  then  most  conveniently  made  with  air; 
and  since  the  density  of  air  is  approximately  14.43  times 
that  of  hydrogen,  and  the  molecule  of  hydrogen  consists  of 
2  atoms,  we  obtain  the  formula 

Molecular  weight  =  ;>S.8r,/), 

where  D  is  the  specific  gravity,  or  density  of  the  gas  com- 
pared with  air.  The  chief  methods  employed  in  the  deter- 
mination of  the  density  at  higher  temperatures  are  those  of 
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Dumas  and  Victor  Meyer.  The  general  proceedings  accord- 
ing to  both  methods  have  already  been  treated  in  Arts.  1 1 
and  18,  Inorganic  Chemistry,  Part  3. 

Victor  Meyer's  method,  however,  is  the  more  important 
method  of  the  two,  and  as  it  is  applicable  over  a  considerable 
range  of  temperature,  easy  to  manipuiate,  and  the  determi- 
nations can  be  made  with  ccanparatively  small  quantities  of 
the  substance,  it  is  deemed  advisable  to  treat  it  somewhat 
more  extensively.    Fig,  1  representsaVictorMeyerapparatus 


FlO.  1. 

of  the  latest  style.  (The  student  will  notice  the  improve- 
ment by  comparing  it  with  Fig.  1,  Inorganic  Chemistry, 
Part  3.)  It  consists  of  a  wide  glass  tube  a  narrowed  in  the 
upper  part  and  then  widened  again,  so  as  to  form  a  cup  near 
the  top.  The  narrow  part  is  closed  by  a  stop-cock /"  and  the 
cup  ^  by  a  rubber  stopper  h;  this  arrangement  has  the 
advantage  that  the  substance  can  be  dropped  into  the  tube 
without  loss  of  heat.  This  is  accomplished  by  closing  the 
stop-cock,  placing  the  substance  in  the  receiver^,  replacing 
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the  rubber  stopper  A,  and  then  opening  the  stop-cock  /, 
through  the  wide  hole  of  which  the  body  readily  drops  down. 
Near  the  top  of  the  narrow  portion  there  is  a  side  tube  b  c  oi 
the  form  shown  in  the  illustration.  An  outer  jacket  d  of  either 
glass,  copper,  or  iron,  about  the  same  length  as  the  tube  a,  is 
provided;  in  this  is  placed  a  quantity  of  water,  naphthalene, 
or  other  substance  suitable  for  heating  the  glass  bulb — 
according  to  the  temperature  required  to  volatilize  the  sub- 
stance under  examination — the  bulb  being  so  placed  as  to 
leave  a  clear  space  around  it.  A  graduated  tube  e  is  filled 
with  water  and  inverted  over  the  end  of  the  side  tube  be. 
The  stop-cock  being  closed  and  the  cork  inserted  in  its  place, 
the  jacket  is  heated,  and  the  temperature  of  the  glass  tube 
raised  in  this  way  to  that  of  the  vapor  of  the  bath,  100"' 
water,  or  217°  naphthalene,  etc.,  as  the  case  may  be.  Owing 
to  the  expansion  of  the  air,  bubbles  pass  out. 

When  the  temperature  becomes  constant  the  bubbles  cease ; 
the  cork  //  is  then  withdrawn,  a  weighed  amount,  say  from 
.1  gram  to  .2  gram,  of  the  substance  is  dropped  into  the 
receiver  ^i^'-,  the  cork  replaced,  and  the  stop-cock  opened  so 
as  to  allow  the  substance  to  slide  down  to  the  bottom  of  a, 
after  which  tlie  stop-cock  is  again  closed.  If  the  experiment 
is  performed  with  proper  care,  the  substance  will  be  very 
rapidly  vaporized,  and  an  equal  volume  of  air  will  be  expelled 
by  the  side  tube.  This  is  carefully  measured  and  the  tempera- 
ture /  and  pressure  /  of  the  room  in  which  the  experiment  is 
[X^rformed  are  noted.  Reduced  to  normal  temperature  and 
pressure,  this  will  give  the  volume  that  the  vapor  would 
occupy.     Thus, 

(2?:)  +  /)  X  :<U)  '' 

s  being  the  tension  of  the  aqueous  vapor  at  the  temiDcrature  /. 
This  is  the  v(jlume  occupied  by  the  wciju'lu  7t'  of  the  substance 
taken,  when  transformed  into  vapor;  and  it  is  readily  seen 
that  the  density  D  compared  with  air  will  be 

D=         "' 


.00121)3  V  ' 
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and  as  compared  with  hydrogen,  it  will  be 

D  =  ^  — 

.000081)0  V 

Provided  that  the  temperature  in  the  outer  jacket  d\%  con- 
stant and  high  enough  to  insure  rapid  vaporization  of  the 
substance,  the  actual  temperature  employed  need  not  be 
known.  This  will  be  readily  imdcrstood,  if  the  student 
bears  in  mind  that  the  volume  of  the  air  actually  displaced 
and  collected  at  the  graduated  tube  is  at  the  temperature  of 
the  room ;  the  vapor  of  the  substance  occupies  precisely  the 
volume  that  this  air  would  have  occupied  at  the  temperature 
of  volatilization.  We  have,  therefore,  the  volume  that  the 
vapor  would  occupy  if  it  could  be  collected  at  the  tempera- 
ture of  the  room. 

5.     Determination  of  the  Formula  of  a  Comi>oiiiicl. — 

An  analysis  of  chloride  of  uranium  gave  the  following  com- 
position : 

Uranium G3^, 

Chlorine 37^. 

The  atomic  weight  of  uranium  has  been  at  various  times 
taken  as  120,  or  some  multiple  or  submultiple  of  this ;  that 
of  chlorine  we  know  positively  to  1x3  35.4.  Taking  120  as 
the  atomic  weight  of  uranium,  we  have,  as  representing  the 
relation  of  the  number  of  atoms  of  uranium  and  chlorine  in 
the  compound, 

—  0.52o, 


120 

37 

35.4 


=  1.045. 


The  relation  of  these  numbers  is  at  once  recognized  as 
being  practically  1  :  2,  but  may  be  expressed  just  as  woll  by 
2  ;  4,  or  3  :  G,  or  4  :  8,  etc.  From  the  results  of  the  analysis, 
together  with  the  atomic  weights  assumed,  we  are  in  a  posi- 
tion to  accept  either  UCl^  or  U^Cl^,  or  to  generalize  the 
deduction  U^Cl^,^  as  the  formula  for  the  chloride. 

A  few  years  ago  Dr.  Zimmermann,  a  (xcrman  chemist, 
determined  the  vapor  density  D  of  the  chloride  by  means 
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of  the  Victor  Meyer  apparatus.     The  results  of  his  investi- 
gation were  the  following: 

Weight  of  chloride  taken 0.082  g. 

Air  expelled 5.8  c.  c. 

Temperature 28°  C. 

Pressure 714  mm.  of  mercury. 

Calculating  from  these  numbers  we  find 

D  =  13.36, 
Molecular  weight  =  28.80  Z?  =  385.57. 

Of  the  possible  formulas  previously  given, 

UCl^  would  give  120  +(35.4x2)  =  190.8; 
U^Cl^  would  give  (120x2)  +  (35.4x4)  =  381.6; 
£7,(7/,  would  give  (120x3) +  (35. 4x0)  =  572.4. 

Clearly,  U^Cl^  corresponds  closely  to  the  value  as  obtained 
from  the  determination  of  vapor  density,  and  if  120  is  to  be 
accepted  as  the  atomic  weight  of  uranium,  then  the  formula 
of  the  chloride  is  U^Cl^, 

But  up  to  this  point  there  is  no  evidence  that  120  is  the 
true  atomic  weight  of  uranium — ^it  may  be  240  or  60.  If  we 
take  it  as  240  and  repeat  the  calculations  from  the  results  of 
the  analysis  as  before,  we  shall  find  as  possible  formulas 
UCl^^  U^Cl^,  or,  in  general,  U^Cl^^\  using  the  vapor-density 
determination,  we  shall  find  that  of  these  only  UCl^  fulfils 
the  required  conditions. 

Similarly,  if  we  take  GO  as  the  atomic  weight  of  uranium, 
we  shall  find  that,  of  the  formulas  derived  from  the  analysis, 
UCl,  U^Cl^,  or,  to  generalize  it,  U^Clj,,  only  f/C7^  yields  the 
value  required  by  the  vapor  density.  Summing  up,  there- 
fore, we  may  state  that,  if  the  atomic  weight  of  uranium  is 
GO,  the  chloride  has  the  formula  UjCl^\  if  120,  UjCl^\  and  if 
240,  UCl^. 

We  cannot  go  further  than  this  at  present,  but  later  on 
evidence  will  be  brought  forward  that  will  enable  us  to 
decide  which  of  these  values  must  be  accepted  as  actually 
representing  the  atomic  weight  of  uranium.  When  this  is 
done,  it  will  be  possible  to  state  the  formula  of  the  chloride 
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on  this  basis,  and  those  of  other  compounds  of  uranium  in 
accordance  therewith. 

6.  It  has  already  been  mentioned  that  some  of  the  ele- 
ments which  exist  at  ordinary  temperatures  in  the  solid  or 
liquid  condition  may  be  vaporized,  and  the  density  of  the 
vapor  determined  by  the  various  methods  previously 
described.  If  we  assume  that  the  molecule  of  the  vapor  con- 
sists of  two  atoms,  then  the  atomic  weight  may  be  arrived  at 
immediately  from  the  vapor  density  (see  Art.  26,  Theoretical 
Chemistry),  But  it  has  been  seen  from  Art.  27,  Theoretical 
Chemistry^  and  in  various  places  in  Inorganic  Chemistry^ 
that  this  assumption  cannot  be  made  unconditionally,  for  it 
would  not  be  correct  in  the  case  of  such  elements  as  arsenic, 
phosphorus,  sulphur,  and  iodine. 

?•     Nature  of  the  Ultimate  Particles  of  Matter. — The 

acceptance  of  a  theory  concerning  the  existence  of  atoms 
carries  with  it,  as  an  unavoidable  consequence,  the  fact  that 
the  process  of  division  of  matter  cannot  be  carried  on  to  an 
infinite  extent,  but  that  there  must  be  a  limit  to  it,  and  that 
particles  must  ultimately  be  obtained,  which,  though 
extremely  small,  are  still  possessed  of  finite  dimensions. 
These  particles  are  the  atoms  or  the  aggregate'  of  atoms^ 
termed,  as  we  have  previously  stated,  molecules. 

The  size  of  molecules  has  been  made  th«  subject  of  various 
investigations,  and  their  size  is  usually  stated  as  being  larger 
t^^^  TTTi^ttWinr  o^  a°  i^^ch  and  smaller  than  ^^^^^^^^  of  an 
inch  (see  Art.  3,  Physics). 

As  we  are,  however,  really  ignorant  of  the  actual  form  and 
character  of  a  molecule,  it  appears  premature  to  accept  such 
measurements  as  anything  else  than  an  approximation,  but 
the  investigations  serve,  nevertheless,  to  support  the  view 
that  the  ultimate  particles  of  matter,  if  extremely  small,  have 
yet  a  definite  size. 

The  examinations  of  the  physical  properties  of  matter 
show  that  the  space  occupied  by  it  is  not  entirely  taken  up 
by  the  molecules  themselves,  but  that  in  the  liquid,  and  even 
in  the  solid,  condition  there    are   interspaces   between  the 
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adjacent  molecules,  and  that  in  the  gaseous  condition,  these 
interspaces  are  (in  comparison  with  the  dimensions  of  the 
molecule)  rather  large,  so  that  the  mean  distance  between 
two  molecules  is  about  ten  to  fifteen  times  the  diameter  of 
the  molecule  itself.  From  this,  the  conclusion  is  drawn 
that  while  in  the  liquid  and  solid  condition  the  movements 
a  molecule  can  make  are  rather  limited;  these  movements 
are  not  so  limited  in  the  case  of  gaseous  bodies,  whose 
molecules  are  able  to  move  freely  and  with  a  rather  high 
degree  of  velocity. 


KINETIC  THEORY. 

8,  Tlie  Kinetic  Theory  of  Gases. — We  quote  below  an 
extract  from  *'  Maxwell's  Theory  of  Heat  *'  (a  book  that  can 
be  highly  recommended  to  the  student  for  private  study), 
which  gives  a  short  and  precise  outline  of  the  conception  of 
gaseous  matter  regarded  from  the  point  of  view  of  the 
kinetic  theory. 

'*  A  gaseous  body  is  supposed  to  consist  of  a  great  number 
of  molecules  moving  with  great  velocity.  During  the  greater 
part  of  their  course  the  molecules  are  not  acted  on  by  any 
sensible  force,  and  therefore  move  in  straight  lines  with 
imiform  velocity.  When  the  molecules  come  within  a  cer- 
tain distance  of  each  other,  a  mutual  action  takes  place 
between  them,  which  may  be  compared  to  the  collision  of 
two  billiard  balls.  Each  molecule  has  its  course  changed,  and 
starts  on  a  new  and  different  path.  I  have  concluded  from 
some  experiments  of  my  own  that  the  collision  between  two 
hard  spherical  balls  is  not  an  accurate  representation  of  what 
takes  place  during  the  encounter  of  two  molecules. 

**  A  better  representation  of  such  an  encounter  will  be 
obtained  by  supposing  thj  molecules  to  act  on  one  another 
in  a  more  gradual  manner,  so  that  the  action  between  them 
goes  on,  for  a  finite  time,  during  which  the  centers  of  the 
molecules  first  approach  each  other,  and  then  separate. 

**We  shall  refer  to  this  mutual  action  as  an  encounter 
between  two  molecules,  and  we  shall  call  this  course  of  a 
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molecule  between  one  encounter  and  another  the  ^  free  path 
of  tJte  molecule. ' 

"  In  ordinary  gases  the  free  motion  of  a  molecule  takes  up 
much  more  time  than  that  occupied  by  an  encounter.  As 
the  density  of  the  gases  increases,  the  free  path  diminishes, 
and  in  liquids  no  part  of  the  course  of  a  molecule  can  t>e 
spoken  of  as  its  free  path." 

Such  a  conception  of  matter  is  of  great  interest  to  the 
chemist,  as  we  shall  see  that  it  throws  considerable  light 
upon  the  phenomena  of  chemical  reaction  and  on  the  man- 
ner in  which  these  phenomena  undergo  modification  accord- 
ing to  the  condition  (solid,  liquid,  or  gaseous)  affected  by  the 
interacting  bodies. 


9.  The  Pressure  of  a  Gas  Acconltng  to  the  KInettc 
Theory. — Let  us  consider  the  case  of  a  gas  contained  within 
a  cubical  vessel,  as  shown  in  Fig.  2.  _, 

The  molecules  of  the  gas  are  in 
continual  motion  according  to  the 
manner  just  described.  Let  there 
be  A'^  molecules  each  of  mass  jW 
moving  with  a  velocity  V.  Let 
us  further  suppose  at  first  that  all 
the  molecules  are  moving  in  one 
direction  with  uniform  velocity; 
viz.,  perpendicular  to  the  plane  '''°-  ^ 

abed.  The  number  that  actually  meet  the  plane  in  unit 
time  will  manifestly  be  proportional  to  the  number  of  mole- 
cules present  and  the  velocity  with  which  they  travel,  i.  e., 
to  N  V\  also,  the  momentum  communicated  to  the  wall 
aicrfbyone  molecule  of  mass  3/ will  be -l/K  For  A^  f 
molecules  it  will  be  proportional  to  N  Vx  M  V,  that  is  MN I ''. 

This  is,  of  course,  quite  simple,  but  let  us  consider  now 
the  molecules  moving  in  all  directions  with  a  like  velocity, 
and  we  shall  refer  their  momentum  not  to  one  plane,  but  to 
the  three  planes  at  right  angles  to  one  another ;  viz. ,  abed, 
abef,  and  bcfg.  A  molecule  moving  parallel  to  one  of  the 
planes,  say  abed,  would   not   meet   that  plane   and  would 
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produce  no  effect  there;  its  whole  momentum  would  be  com- 
municated along  one  or  both  of  the  other  two  planes.  So 
long  as  we  confine  our  attention  to  individual  molecules 
traversing  particular  paths,  it  is  not  easy  to  see  that  the 
effect  produced  by  collision  with  each  of  the  surfaces  abcd^ 
abef^  and  bcfg^  would  be  the  same.  But  if  we  consider 
the  immense  number  of  molecules  and  the  high  velocity  with 
which  they  travel,  we  certainly  shall  be  prepared  to  admit 
that  the  average  resultant  effect  for  each  plane  is  really  the 
same.  The  momentum  M N  F*,  therefore,  is  distributed 
equally  over  the  three  planes,  and  for  each  plane  it  is  pro- 
portional to  \  M  N  V^. 

The  momentum — that  is,  the  pressure — on,  say,  the  surface 
abed  of  the  cubical  vessel  is  proportional,  therefore,  to 
\M  NV^y  and  if  we  suppose  the  atmosphere  to  shut  in  the  gas 
at  this  surface,  then  the  pressure  exerted  on  the  atmosphere 
\^\M N F*.  But  since,  according  to  Avogadro's  hypothesis, 
the  number  of  molecules  in  equal  volumes  of  gases  under 
like  conditions  is  the  same,  M N  is  equivalent  to  )3  the  den- 
sity, that  is,  the  pressure  of  a  gas  at  the  surface  abed  is 
equal  to  I  /3  F'. 

10.  Boyle's  Law  According  to  the  Kinetic  Theory. 

If  by  any  means  we  introduce  more  molecules  of  gas  into 
the  vessel  (say  ;/  more),  then  the  pressure  increases  from 
\  MN  V  to  \  M{N-^ ;/)  V\  or  in  the  proportion  N  :  JV+ ;/, 
while  the  space  occupied  by  the  same  number  of  molecules 
of  the  gas  has  decreased  in  the  proportion  JV-{-  u  :  N.  This 
gives  an  expression  in  accordance  with  the  kinetic  theory 
for  Boyle's  law  ;  that  tlie  volume  occupied  by  a  gas  is  inversely 
as  t lie  pressure  to  which  it  is  subjected, 

11.  The   Internal    Enerpry   of  the   3Ioleeiile. — The 

remarks  in  the  previous  articles  have  been  made  under  the 
assumption  that  the  molecules  of  all  gases  arc  similar  in  their 
nature  and  that  there  is  no  complication  arising  from  move- 
ments of  atoms  within  the  molecule.  It  has,  however,  been 
already  stated  in  Art.  27,  Theoretical  Chemistry^  and  vari- 
ous other  places,  that  the  molecules  of  some  elements  are 
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more  complex  than  those  of  others.  Taking  this  complexity 
into  consideration,  it  now  remains  to  examine  whether  the 
whole  of  the  energy  communicated  to  a  gas  goes  to  promote 
the  agitation  of  the  molecules  as  such,  or  whether  some  part 
of  it  is  spent  in  promoting  the  activity  of  the  atoms  compo- 
sing the  molecule.  That  is  to  say,  it  is  conceivable  that  the 
increment  of  energy  may  be  distributed  so  that  it  goes 
partly  to  increase  the  activity  of  the  molecule  iis  a  whole, 
and  partly  to  increase  the  activity  of  the  mobile  atoms  con- 
stituting the  molecule. 

13.     Tlie   Behavior  of  tlie  Monatomie  Molecule. — 

Let  us  start  to  investigate  the  conditions  obtained  when  heat 
is  communicated  to  a  gas  to  which  the  simplest  possible  con- 
stitution  can  be  assigned,  that  is  the  monatomie  molecule. 
The  effect  of  the  heat  will  be  found  to  be  twofold,  namely  : 

First ^  expressed  in  the  terms  of  the  kinetic  theorj'  of  gases, 
it  will  increase  the  energy  of  agitation  of  the  molecules  of 
the  gas  ;  that  is  to  say,  the  progressive  motion  of  the  mole- 
cules, as  molecules,  will  increase,  or  regarding  it  from  the 
point  of  view  of  the  indications  given  by  the  thermometer, 
it  will  raise  the  temperature  of  the  gas.  The  increment  of 
energy  for  a  molecule,  whose  mass  is  ^^  and  whose  velocity 
is  V,  may  be  expressed  by  the  general  term  \M  F^  and  if  ^V 
is  the  number  of  molecules  in  unit  volume,  the  increment  of 
energy  per  unit  volume  must  be  \MN  V*.  Since,  according 
to  Avogadro's  law,  equal  volumes  of  gases  under  equal  con- 
ditions of  temperature  and  pressure  contain  the  same  num- 
ber of  molecules,  we  may  substitute  for  MN^  the  density  of 
the  gas,  and  representing  this,  as  before,  by  i3,  the  expression 
then  becomes  ^PV*. 

Second^  unless  placed  in  confined  space,  the  gas  expands. 
Under  ordinary  circumstances  a  gas  expands  according  to 
Gay-Lussac's  law  (see  Art.  62,  Physics) ^  and  during  the 
expansion  it  is  subjected  to  the  pressure  of  the  atmosphere. 
An  expansion  under  such  conditions  necessarily  implies  that 
the  expanding  gas  does  a  certain  amoimt  of  work;  namely, 
th2  work  of  lifting  the  atmosphere  through  the  interval  over 
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which  the  expansion  extends.  The  energy  associated  with 
this  has  already  been  deduced  according  to  the  kinetic  the- 
ory, and  will  be  found  to  be  equivalent  to  ^0  V^, 

If,  then,  the  gas  be  freed  to  expand  under  atmospheric 
pressure,  the  total  energy  expended  upon  it  will  be 

If  it  be  enclosed  within  a  vessel  so  that  while  its  temper- 
ature is  being  raised  its  volume  remains  constant,  the  work 
of  overcoming  the  pressure  of  the  atmosphere  is  no  longer 
a  factor  in  the  operation,  and  the  energy  that  must  be  com- 
municated is  only  that  which  goes  to  intensify  the  agitation 
of  the  molecules.      The  value  of  this  has  been  shown  to  be 

SPECIFIC  HEAT. 

13,  Specific  Heat  at  Constant  Pressure  and  Con- 
stant Volume. — The  specific  heat,  or  the  capacity  for  heat 
of  a  body,  is  the  amount  of  heat  required  to  raise  the 
temperature  of  1  gram  of  the  substance  in  question  1°  C. 
as  compared  with  the  amount  required  to  raise  the  tem- 
ixirature  of  1  gram  of  water  1^  C.  (see  Art.  43,  Theo- 
retical  Chemistry).  This  definition  is  meant  to  apply  to 
determinations  made  under  standard  atmospheric  pressure 
and  temperature. 

A  similar  determination,  however,  made  for  gas  in  a  closed 
space  has  been  termed  the  specific  heat  under  constant  vol- 
uuu\  and,  for  purposes  of  distinction,  the  specific  heat  under 
ordinar}^  conditions  is  spoken  of  as  the  specific  heat  under 
constant  pressure.  We  may  conveniently  express  these  by 
the  symbols  C^  and  C^, ;  then,  as  we  have  seen, 

c 

and  -i-'  =  f  =  l.GOO. 

C 

For  the  sake  of  brevity  we  will  express  the  relation  -^  by 

the  symbol  K,     The  value  for  C^  can  be  directly  measured, 
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13 


and  the  energy  necessary  to  overcome  the  pressure  of 
the  atmosphere  (i.  e.,  Cp  —  C^  can  be  calculated  and  C„ 
deduced  ;  we  give  these  in  Table  1  for  several  gases. 


TABLE   1. 


Name  of  Gas. 


Hydrogen 3.4090 

Oxygen 0.2175 

Nitrogen 0.2438 

Carbon  dioxide 0.21G9 

Marsh  gas 0.5929 

Ammonia 0. 50S4 

Ethyl  ether 0.479G 


2.4190 
0.1555 
0.1724 
0.1719 
0.4902 
0.3919 
0.4528 


1.49 
1.40 
1.41 
1.2(3 
1.20 
1.30 
1.00 


The  student  will  notice,  by  referring  to  the  last  column  of 
Table  1,  that  the  value  for  the  ratio  of  specific  heat  at  con- 
stant pressure  to  that  of  constant  volume  (which  we  have 
termed  above  as  K)  is,  as  a  rule,  lower  than  that  estimated 
on  the  assumptions  already  made,  which  have  placed  it  at 
1.666.  Moreover,  the  variation  from  this  value  is  seen  to  be 
greater  for  the  compound  than  for  the  elementary  gases,  as 
an  inspection  of  the  table  will  show. 

14,  Intramolecular  Work  In  tho  Complex  Mole- 
cule.— This  discrepancy  suggests  that  there  must  be  some 
other  form  in  which  energy  is  disposed  in  the  molecule, 
which  so  far  has  not  been  taken  into  account.  As  a  natural 
consequence,  our  attention  must  then  be  given  to  changes 
that  may  possibly  occur  with  the  molecule  itself ;  that  is, 
the  internal  work  associated  with  the  motion  of  the  atoms 
making  up  the  aggregate  molecule — the  former  calculations 
having  been  made  on  the  assumption  that  the  molecule  is 
monatomic — and  that  there  is,  consequently,  no  intramolec- 
ular work.      Calling  this  /,  then  for  complex   molecules, 

\     , ,g       >  must  be  less  than  l.GOC,  and  tl:e  larger  /  is,  the 
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smaller  this  value  becomes,  though  it  c^n  manifestly  never 
fall  to  imity. 

15.  Monatomlc  Molecules. — Although  the  ordinary 
gases  or  vapors  have  complex  molecules,  consisting  usually 
of  two  atoms,  though  sometimes  of  more,  there  is  reason  to 
believe  that  in  certain  cases  the  molecule  is  monatomic ;  as 
is  the  case  with  the  vapors  of  mercury,  cadmium,  zinc,  and 
the  lately  discovered  gases,  helium  and  argon. 

The  proof  that  in  such  cases  there  is  practically  no  inter- 
nal energy  associated  with  the  molecule,  is  furnished  by 
determining  the  velocity  of  transmission  of  sound  ivaves  in 
such  mediums. 

16,  Relations  of  Speeitlc  Heats  Deduced  from 
Sound  Vibrations. — It  may  be  established  on  physical  data 
that  for  two  gases,  the  relation  A"  for  the  one  to  K^  for  the 
other,  is  proportional  to  the  respective  masses;  i.  e.,  molecular 
weights  multiplied  by  the  square  of  the  lengths  of  the  sound 
waves  (Z,  and  Z,)  which  they  transmit  under  similar  con- 
ditions, or 

K  _  J\fD_ 


1     1 


If  the  comparison  be  made  with  air,  then  A,  is  known  to 
be  1.4:05  and  J/^  is  28. 8G;  so  that  we  have 

1.405  ~  1^8.80/.;'' 

The  relation  L  to  L^  can  be  determined  by  the  following 
experiment  : 

A  ^^lass  tube  a  h,  as  shown  in  Fig.  3,  having  its  inner  sur- 


FiG.  3. 


face  dusted  with  lycopodium  powder,  is  furnished  wMth  side 
tubes  c  and  d,  by  which  it  can  be  filled  with  the  gas  ;  by 
means  of  the  two  movable  pistons  c  and/* the  tube  is  closed, 
and  either  by  rubbing  with  the  fingers  moistened,  or  by 
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other  means,  a  musical  note  is  produced  and  the  gas  thrown 
into  vibrations,  which  are  recorded  by  the  lycopodium  pow- 
der, and  the  length  of  the  wave  may  be  measured  by  taking 
the  distance  between  two  adjacent  nodes.  When  this  has 
been  done  for  air,  and  for  the  vapor  in  question,  the  ratio 
L  :  Zj  is,  of  course,  established. 

In  this  way  the  value  of  K  for  mercury  vapor  has  been 
found  to  be  1.666,  and  for  helium,  1.632. 

Hence,  for  these  two  bodies  there  is  practically  no  intra- 
molecular work  performed,  and  the  conclusion  has  been 
drawn  that  in  such  cases  the  molecule  is  not  complex,  but 
consists  of  a  single  atom. 

17.  In  the  previous  articles  the  bearing  of  atomic  weight 
in  the  case  of  bodies  that  are  capable  of  being  volatilized 
without  decomposition  have  only  been  considered;  in  the 
following  articles  the  evidence  on  which  the  atomic  weights 
are  based,  as  derived  from  the  behavior  of  substances  that 
cannot  be  volatilized,  will  be  taken  into  consideration. 

The  generalizations  that  are  to  be  drawn  from  the  follow- 
ing articles  apply,  therefore,  to  matter  in  either  the  solid  or 
liquid  state. 

18,  Relation  of  the  Specific  Ileat  of  Elements  to 
their  Atomic  Weight, — It  has  been  shown  in  Art.  43, 
Theoretical  Chemistry^  that  the  atoms  of  all  elementary 
bodies  have  precisely  the  same  capacity  for  heat;  a  fact  dis- 
covered by  Dulong  and  Petit  in  1810. 

The  adoption  of  this  law  led  to  the  alteration  of  a  number 
of  the  values  then  accepted  for  atomic  weights.  This  of 
course  was  followed  by  a  number  of  changes  in  the  formulas 
of  the  compounds  derived  from  these  elements.  In  all 
instances,  however,  where  revision  has  taken  place,  the 
effect  has  been  to  bring  out  in  a  clearer  light  the  relations 
that  the  elements  and  their  compounds  bear  to  one  another, 
and  to  throw  them  into  natural  groups,  in  which  striking 
resemblances  are  shown  between  the  members  of  the  same 
group.    It  is  on  this  ground  that  the  generalization  of  Dulong 
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and  Petit  has  appealed  so  strongly  to  chemists.  In  Table  2 
the  atomic  weights  and  specific  heats  of  a  number  of  elements 
are  given,  as  well  as  the  product  of  atomic  weight  multiplied 
by  the  specific  heat  (the  so  called  atomic  heat),  which  is  in 
most  cases,  as  we  have  already  seen  from  Art.  43,  Theo- 
retical Chemistry^  a  constant,  its  value  being  approxi- 
mately 6.4. 


TABIiK  8. 

Elements. 

Atomic 

Weight 

A, 

Specific 

Heat 

C 

AC, 

Sodium 

23.0 

24.0 

27.0 

31.0 

32.0 

30.0 

39.9 

52.4 

54.8 

55.9 

G3.2 

05. 1 

74.9 

79.8 

107.7 

118.8 

119.0 

120.5 

194.3 

190.7 

199.8 

200.4 

207 . 3 

239.0 

.293 
.250 
.214 
.174 
.178 
.100 
.170 
.121 
.122 
.114 
.095 
.094 
.081 
.084 
.057 
.055 
.051 
.054 
.032 
.032 
.032 
.031 
.030 
.028 

G.7 

Mainiesium 

6.0 

Aluminum 

5.8 

PhosohoRis 

6.4 

Sulohur 

5.7 

Potassium 

6.5 

Calcium 

6.8 

Chromium 

6.3 

Manirancse 

6.7 

Iron 

6.4 

Copper  

Zinc 

6.0 
6.1 

Arsenic 

6.1 

Bromine 

6.7 

Silver 

6.1 

Tin 

6.5 

Antimony 

6.1 

Iodine 

6.8 

Platinum 

6.3 

Gold 

6.4 

Mercurv 

6.4 

Lead 

6.4 

Bismuth 

6.4 

Uranium 

6.7 
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The  student  will  notice,  by  consulting  Table  2,  that  a  num- 
ber of  elements  have  not  been  mentioned  and  for  which  we 
should  accoimt.     Among  these  are  the   following  notable 

exceptions: 

Carbon,       AC  =  1.8. 

Hydrogen,  AC  =  2. 3. 

Boron,         AC  =  2.7. 

Beryllium,  AC  =  3. 7. 

Silicon,        AC  =  3. 8. 

Oxygen,      AC  =  4.0. 

About  twenty-five  years  ago  observations  were  made  on 
the  behavior  of  carbon,  boron,  and  silicon,  which  disclosed 
the  fact  that  the  specific  heat  of  these  elements  increased  in 
proportion  to  the  increase  of  temperature,  but  that  at  a  cer- 
tain limit  it  remained  constant  through  a  considerable  range 
of  temperature;  thus,  for  instance,  from  800°  to  980°,  AC 
for  carbon  was  5.5  ;  from  130°  to  230°,  AC  for  silicon  was 
5.7  ;  at  600°,  AC  for  boron  was  5.5;  and  from  400°  to  500°, 
A  C  for  beryllium  was  5. 6. 

We  must,  as  a  matter  of  fact,  remember  that  the  applica- 
tion of  the  discovery  of  Dulong  and  Petit  should  not  be  for 
the  correction  of  atomic  weight  as  determined  from  the 
results  of  the  analysis  of  definite  compounds,  for  the  simple 
reason  that  by  analysis  much  more  accurate  results  are 
obtained,  but  that  it  helps  to  decide  between  certain  alter- 
native values,  all  of  which  satisfy  the  relations  deduced  from 
analysis. 

19.  As  an  example  of  where  the  application  of  Dulong 
and  Petit's  law  will  prove  itself  valuable,  we  will  refer  to 
Art.  5,  where  an  examination  of  the  composition  and  vapor 
density  of  chloride  of  uranium  led  to  the  acceptance  of  the 
formulas  C/,C/,,  U^C/^,  and  UC/^,  if  the  atomic  weight  of 
uranium  were  taken  as  60,  120,  and  240,  respectively.  By 
applying  Dulong  and  Petit's  discovery  to  practical  use,  we 
will  find  ourselves  in  the  position  to  determine  which  of  these 
figures  really  is  the  true  atomic  weight. 

The  specific  heat  of  uranium  has  been  found  to  be,  as  given 
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in  Table  2,  .028,  and  if  GO  is  accepted  as  the  atomic  weight, 
the  product  AC  is  1.68  ;  if  120,  AC  is  3.3G  ;  and  if  240,  AC 
isG.72. 

From  this  evidence  there  can  hardly  be  any  doubt  that  the 
atomic  weight  must  be  240,  and  that  i/C/^  expresses  the  true 
composition  of  chloride  of  uranium.  This  fact  being  once 
established,  the  formulas  of  other  salts  of  uranium  are  of 
course  easily  deduced. 

20,  Specific  Heat  of  Compoimas. — Further  investiga- 
tions based  on  Dulong  and  Petit's  discovery  rapidly  disclosed 
the  fact  that  the  specific  heat  of  a  compound  multiplied  by 
its  molecular  weight  is  practically  the  same  for  compounds 
of  a  like  character.     For  instance,  for 

PdC/^,  C  =. 0664;  ^C  =.0064X277.5  =18.4. 
PdBr^,  C=  .0533;  yiC=  .0533x366.5  =  19.0. 
P^/„     C  =. 0427;  ^C=. 0427X459. 5  =19.6. 

Aragonitc,      Ca CC\,  T  =  . 206 ;  AC=, 206 X 100  =  20. 6. 

Strontianitc,  .S>CC>3,  t'=.145;  ^IC=. 145X147  =21.3. 

Withcrite,       Jy\iCC\,  t^  =  .109;  AC=  .109  X  197  =21.4. 

Ccrussitc,        rdCO^,  C=  .OSO;  ^C  =  .080x266.5  =21.3. 

The  next  logical  conclusion  drawn  from  above  data  natu- 
rally was  that  the  specific  heat  remained  materially  the  same 
whether  the  element  exists  in  a  free  or  combined  state.  The 
product  AC  iov  lead  being  determined  directly  and  found  to 
be  0.4,  that  for  the  haloid  elements  combining  with  lead 
could  be  readily  calculated  in  the  following  manner : 

Chlorine,  -^ — - — '—  =  6.0. 

2 

.        10.0-0.4         ._ 
Bromine,  ^r =  0.6. 

,.  10.0-0.4         .  . 

Iodine,      ; =  0.0. 

2 

In  exactly  the  same  way  it  may  be  found  that  the  atomic 
heat  of  CaCO^,   SrCO^,   BaCO^,   and  PbCO^  being  almost 
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identical,  that  of  Ca,  Sr,  Ba,  and  Pb  must  also  bo  nearly  iden- 
tical. By  using  this  method,  it  is  possible  to  ascertain  the 
"  atomic  heat "  of  such  elements  as  hydrogen,  oxygen,  and 
nitrogen,  which  would  represent  extreme  difficulties  in  the 
way  of  direct  determination  in  either  the  solid  or  liquid  state. 

21,  Isomorphism  and  Atomic  "Weight. — Although 
Le  Blanc  in  1784  noticed  that  crystals  which  separate  out  of 
a  solution  containing  both  cupric  sulphate  CuSO^  and  ferrous 
sulphate  FfSO^  contain  both  these  salts,  and  that  their  fonn 
remains  the  same,  even  though  the  proportions  of  the  salts 
they  contain  may  vary,  it  was  not  until  181!)  that  Mitschcr- 
lich  established  a  distinct  connection  between  cr>-stalline 
form  and  chemical  composition.  He  found  that  the  acid 
arsenates  and  phosphates  of  potassium  and  ammonium  all 
crystallized  in  the  tetragonal  system  and  in  identical  forms. 
Other  bodies  were  consequently  examined  by  him  with  a 
similar  result,  and  as  the  outcome  of  his  researches  he  estab- 
lished the  fact  that  bodies  having  a  similar  chemical  compo- 
sition must  also  have  the  same  crystalline  form,  and  such 
bodies  he  termed  isomorphous.  The  exact  crj-stalline  form 
was  not  usually  identical,  but  the  crystal  sj-stcm  was  the  same, 
and  also,  in  general,  the  form  and  habit  of  the  erj'stal ;  the 
variations  that  occurred  were  of  a  minor  character,  and  were 
affected  only  by  the  angles  between  the  faces  of  the  crystal 
and  the  relative  length  of  the  axes.  Further  investigations 
have  very  much  extended  our  knowledge  of  isomorphous 
crystals. 

As  examples  of  such  isomorphous  bodies,  we  may  mention: 
1.  NH^H,PO^  and  KlI^PO^,  both  of  which  crystallize  in 
the  tetragonal  system  in  the  form 
indicated  in  Fig.  4,  consisting  of  the 
tetragonal  prism  in  combination  with  I 
the  pyramid. 

I.     The    isomorphous    carbonates, 
caleite    CaCO^,    magnesite    MgCO^, 
sideritc   FiCO^,   manganite   MiiCO^, 
smithsonite    ZnCO^,    all    of    which    crystalline    typically   in 
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rhombohedrons,  as  shown  in  Fig,  5.  These  rhombohedrons 
are  identical,  with  the  exception  that  the  angle  at  A  varies 
slightly  with  the  nature  of  the  mineral;  e.  g.,  with 

Calcite  it  is  105°    5'; 

Manganite  it  is  100°  61'; 
Siderite  it  is  107°  0'; 
Magnesite  it  is  107°  20'; 
Smithsonite  it  is  107°  40'. 

3.  Another  interesting  series  of  isomorphous  bodies,  which 
are  also  carbonates,  may  here  be  cited;  it  consists  of  the 
compounds 

Aragonite      CaCO, 

Strontjanite  SrCO, 

Witheritc      BaCO, 

Cerussite       PbCO, 

All  these  compounds  crystallize  in  the  rhombic 
\  system,  after  the  form  shown  in  Fig.  6,  in  which 
■  \b,b  are  the  prism  faces,  <7  is  a  brachydome  face, 

and  r  is  a  brachyi>inacoid  face.  The  only  varia- 
j  tiun  is  in  the  iiitcrfacial  angles,   those  between 

the  prism  faces  and  the  brachydome  faces  being 

for 


Prism. 

Brachydomi 

Aragonite 

1  U>°  10' 

108°  26' 

Ccnissite 

117°  14' 

108°  IC 

Strontianite 

lir"  10' 

108°  13' 

Witherite 

\\r  48' 

107°  48' 

4,     Another  scries  of  isomorphous  bodies  is  of  considerable 
interest;  it  consists  of  the  compounds: 

Chlorapatitc     SCa^iPOX,  CaCI, 
Fluorapatitc     ^C^,{PO,),,  CaF, 
Pyroinorphitc  :iFd(PO,).,.  PbCl^ 
Mimctisite        -^PhJ^AsO;)^,  PbCl^ 
Vanadinitc       3/'*,(rO.),.  PbC!^ 
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All  these  compounds  crystallize  in  the  hexagonal  system 
in   the   form   shown    in   Fig.    7,      The    faces 
developed  here  are:  a,  a,  a,  prism  faces;  d,  b,  b, 
pyramid  faces;  c,  the  basal  plane  terminating 
the  prism. 

Again,  in  this  case  also,  the  typical  forms 
exhibited  by  the  various  compounds  mentioned 
are  identical,  a  slight  variation  in  the  angles 
being  theonly  essential  difference.  fio.t. 

22.     Isodlmorphoiis  and    Isotrimorphoiis    Series. — 

There  are,  however,  some  cases  in  which  the  same  substance 
crystallizes  in  two  different  forms,  which  forms  we  may  call 
A  and  B\  while  other  bodies  allied  to  it  chemically,  not  only 
yield  two  forms  A  _  and  B^,  but  these  different  forms  agree 
crystallographically  A  with  A_,  and  B  with  B^.  Thus,  for 
instance,  antimony  trioxidc  crystallizes  in  the  regular 
system  as  senarmontite,  and  in  the  rhombic  system  as 
valentinite;  so  arsenic  trioxide  crystallizes  in  the  regular 
system  as  arsenolite,  and  in  the  rhombic  system  as  claude- 
tite.  Potassium  and  sodium  nitrate  crystallize  in  both  the 
hexagonal  and  in  the  rhombic  system  in  similar  forms. 
Such  substances  are  said  to  be  isodimorplious.  Instances 
are  also  known  of  bodies  adopting  even  as  many  as  three 
similar  forms,  being  thus  known  as  isotrimorphous  bodies. 

These  examples  of  isomorphism  livV/  suffice  to  sho^n  tlmt 
there  is  an  intimate  relation  betn'cen  the  chemical  composition 
of  bodies  and  the  crysiallinc  form  which  ihey  assume. 

Continuous  researches,  however,  did  not  only  produce  a 
large  number  of  examples  of  bodies  associating  a  similarity 
of  composition  and  form,  but  they  also  disclosed  and  proved 
the  fact  that  there  are  numerous  bodies,  which  though 
similar  in  crystalhne  forms,  widely  diverge  in  chemical 
composition  and  character.  This  is  especially  the  case  in 
regard  to  substances  that  crystallize  in  the  regular  system. 
We  are  not,  therefore,  justified  in  assuming  that  all  bodies 
which  show  a  certain  uniformity  of  their  crj-stalline  forms, 
are  also  allied  to  each  other  in  their  chemical  composition. 
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23.  In  the  mineral  kingdom  it  is  common  to  find  crystals 
composed  of  mixtures  of  compounds,  and  they  may  also  be 
in  many  cases  so  obtained  in  the  laboratory.  Aragonite 
CaCO^  and  wit  hen  te  BaCO^  are  isomorphous,  alstonite  is  a 
mixture  of  CaCO^  and  BaCO^y  crystallizing  in  the  same 
form  as  these;  similarly,  heavy  spar  BaSO^  and  celestine 
SrSO^  are  isomorphous,  while  barytocelestine^  a  mixture  of 
BaSO^  and  SrSO^,  crystallizes  in  the  same  form  as  these. 
Experiments  with  solutions  of  mixed  salts  have  led  to  the 
same  results.  It  had  been  already  recognized  by  Mitscherlich, 
in  1819,  that  when  substances  adopt  the  same  crystalline 
form,  and  are  also  chemically  related  to  one  another,  they 
crystallize  intimately  together.  It  was  afterwards  found 
that  if  a  crystal  of  the  one  isomorphous  substance  was 
placed  in  a  solution  of  the  other,  a  coating  or  overgroivth  of 
the  second  substance  would  form. 

Here  we  have  a  means  of  separating  isomorphous  bodies 
into  two  classes,  for  with  substances  chemically  unlike,  but 
crystallizing  in  similar  forms,  overgrowths  do  not  occur. 
This  has  led  to  a  modification  of  the  statement  of  the  law  of 
isomorphism  in  the  direction  of  further  limitation,  and  at 
the  present  day  it  is  usually  held  that  bodies  are  only  truly 
isomorphous  when  they  fulfil  all  the  following  conditions: 

1.  They  must  erystallize  in  the  same  form, 

2.  .  TJiey  must  be  eapable  of  crystallizing  intimately 
together  and  in  all  proportions.      (This,  of  course,  is  limited 

by  the  solubility  of  the  salts.) 

3.  They  must  be  capable  of  forming  overgrowths. 

Bodies  that  fulfil  all  these  conditions  ought  to  show  an 
analogous  chemical  composition. 

24.  A  few  examples  will  suffice  to  show  the  bearing  of 
the  law  of  isomorphism  as  a  control  for  chemical  composi- 
tion, and  consequently  for  atomic  weii^dit. 

In  the  early  part  of  this  century,  the  atomic  weight  of 
copper  was  generally  supposed  to  be  03.4  and  that  of  silver 
216.6;  on  this  basis  the  formula  of  the  mineral  sulphides  of 
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copper  and  silver  were  Cu^S  and  A^S.  The  minerals,  how- 
ever, not  only  crystallized  in  the  same  form,  but  replaced 
one  another  in  var>nng  proportions  in  minerals  of  a  more 
complex  nature;  these  minerals,  therefore,  should  have  an 
analogous  character.  Accepting,  for  instance,  Cu^S  as  the 
formula  for  one,  the  other  naturally  should  be  Ag^S,  but 
this  would  imply  that  the  atomic  weight  of  silver  should  not 
be  216.0,  but  108.3.  This  number  therefore  (or,  in  view  of 
the  later  more  accurate  determinations,  107.  GG)  should,  under 
the  control  of  the  law  of  isomorphism,  be  accepted  as  the 
atomic  weight  of  silver.  Or,  as  another  example  may  serve 
the  fact,  the  formulas  generally  accepted  by  earlier  chemists 
for  permanganate  and  perchlorate  of  potassium  were 
KO.MhJD^  and  KOyClO^y  the  atomic  weight  of  chlorine 
being  double  that  adopted  at  the  present  time.  It  was 
observed,  however,  that  these  salts  were  isomorphous,  and 
this  led  to  the  reducing  of  the  atomic  weight  of  chlorine  to  its 
present  weight,  the  formulas  then  becoming  KO,  Mnfi^  and 
KO^Cl^O^,  showing  a  true  analogy  of  chemical  composition. 
Owing  to  researches,  based  on  Dulong  and  Pctit's  investiga- 
tions, the  atomic  weight  of  potassium  was  also  reduced  to 
its  present  value  and  the  formulas  ultimately  adopted  were 
Kfi.Mtifi^  and  Kfi.Clfi^,  or  KMnO^  and  KCIO^. 

25.  Isomorphous  Elements. — If  we  were  to  collect 
the  elements  that  can  replace  one  another  without  substan- 
tial alteration  of  their  crystalline  form,  we  would  have  the 
elements  arranged  in  series,  the  memters  of  each  series 
being  in  this  sense  termed  isomorphous  elements.  Thus,  in 
the  examples  given  in  Art.  21,  from  example  1,  K  and 
NH^  replace  each  other  without  alteration  of  crystalline 
form.  In  example  2,  Ca^  Mg,  Fc,  Mn,  and  Zn  replace  one 
another  in  like  manner,  and  are  isomorphous  elements.  In 
example  3,  Ca,  Sr,  Ba^  and  Pd  are  isomorphous  elements. 
Finally,  in  example  4,  the  isomorphism  of  chlorapatitc  and 
fiuorapatite  points  to  C/  and  F  as  isomorphous  elements; 
that  of  p3nromorphite,  mimetisite,  and  vanadinite  points  to 
P,  As,  and  Vas  isomorphous  elements,  and  that  of  apatite 
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and  pyromorphite  indicates  that  Ca  and  Pb  are  isomorphous 
elements.  An  examination  of  the  whole  of  the  groups  of 
isomorphous  compounds  would  enable  us  in  this  way  to 
draw  up  in  groups  a  fairly  complete  list  of  the  elements  on 
this  basis.  The  principal  of  the  groups  are  given  in 
Table  3. 

TABLE    8. 


Group. 


List  of  Isomorphous  Elements. 


I 
II 

III 
IV 


V 
VI 

VII 
VIII 

IX 
X 

XI 


/^  67,  Br,  /(CiV);  also,  AIn  in  permanganates. 

S,  Sc,  Tc  in  binary  compounds,  and  in  sulphates, 
selenatcs,  and  tellurates. 

As,  Sb,  Bi\  also.  As,  P,  and  Fin  salts. 

H  (?),  the  alkalies  and  NH^  in  most  of  their  com- 
pounds; Ag\  also,  77  and  Cii  in  thallious  and 
cuprous  compounds. 

Alkaline  earths,  Pb. 

A  I,  Fc,  Cr,  Mn  in  sesquioxides  and  the  salts  of 
these. 

Fc,  Ni,  Co,  Mn,  Zn,  Mg  in  the  salts  of  monoxides. 

The  platinum  metals,  and  in  some  compounds 
An,  Sn,  Fc,  Ni. 

C,  Si,  Ti,  Gi\  Zr,  Sn,  Th. 

Ta,  Nb, 

Cr,  Mo,  \V,  especially  in  trioxides  and  derivatives 
of  these. 


This  table  is  not  without  significance,  even  if  we  regard 
it  as  a  classification  of  the  elements  according  to  their 
chemical  relationships,  and  in  itself  serves  to  show  how 
intimate  is  the  connection  between  chemical  composition 
and  cr}^stalline  form. 

The  special  point  of  view  here,  however,  is  that  with  the 
aid  of  the  law  of  isomorphism,  it  is  in  most  cases  possible  to 
establish  the  formula  by  which  a  compound  should  be  repre- 
sented in  analogy  with  other  compounds,  and  by  this  means 
to  decide  as  to  whether  a  certain  value  should  be  accepted 
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as  an  atomic  weight,  or  whether  some  multiple  or  submul- 
tiple  of  this  value  is  to  be  taken. 

26,  If  we  place  a  piece  of  zinc  and  platinum  in  dilute 
sulphuric  acid  and  connect  these  two  metals  outside  the 
liquid  by  means  of  a  metallic  wire,  such  as  platinum  wire 
for  instance,  a  current  of  electricity  will  be  transmitted 
along  the  wire,  but  no  change  of  composition  is  effected  by 
it.  If  we  connect  the  ends  of  the  wire  with  a  strip  or  bar  of 
any  other  metal,  the  current  will  pass  through  it  also  with- 
out eflfecting  any  permanent  change. 

If,  however,  we  place  a  drop  of  sodium-sulphate  solution 
on  a  piece  of  litmus  paper  and  bring  the  wire  ends  into  the 
drop  of  the  solution,  without  allowing  the  wire  ends  to 
touch  each  other,  or  in  other  words,  if  we  make  the  sodium- 
sulphate  solution  the  medium  of  connecting  the  wires,  we 
will  find  that  the  sodium -sulphate  solution  is  decomposed, 
which  is  shown  by  the  fact  that  the  litmus  paper  near  the 
end  of  the  wire  connected  with  the  piece  of  platinum 
becomes  red,  owing  to  the  presence  of  an  acid,  while  the 
paper  near  the  end  of  the  wire  connected  with  the  piece  of 
zinc  remains  unchanged,  owing  to  the  presence  of  an  alkali. 

This  leads  us  to  see  the  necessity  of  classifying  such  bodies 
as  conduct  a  current  of  electricity  into  (1)  conductors^  or 
bodies  that  conduct  electricity  without  imdcrgoing  any 
change  of  composition,  and  (2)  electrolytes^  or  bodies  that 
conduct  electricity  but  undergo  decomposition. 

To  the  first  class  belong  most  of  the  elements,  while  the 
second  consists  of  compounds  either  in  fused  condition  or  in 
solution. 

The  solution  of  sodium  sulphate  is  an  electrolj'te,  and  is 
decomposed  during  the  passage  of  the  electric  current ;  the 
products  formed  in  the  presence  of  water  being  caustic  soda 
and  sulphuric  acid. 

This  electrical-decomposition  process  is  known  to  the 
chemist  as  electrolysis^  while  the  wires  that  come  in  con- 
tact with  the  electrolyte  are  known  as  electrodes^  being 
distinguished  as  the  positive  electrode,  or  anode^  attached  to 
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the  platinum,  and  the  negative  electrode,  or  cathode^  attached 
to  the  zinc. 

The  phenomena  that  take  place  during  the  process  of 
electrolysis  are  usually  of  a  complex  character.  For  instance, 
there  are  good  reasons  to  believe  that  sodium  sulphate  decom- 
poses primarily  into  sodium  and  SO^ ;  these,  however,  can- 
not exist  in  the  presence  of  water,  on  which  they  react  as 
expressed  in  the  two  following  equations: 

The  sodium  hydroxide  and  the  sulphuric  acid  remain 
necessarily  in  the  liquid,  while  at  the  cathode  hydrogen  is 
set  free,  and  at  the  anode  oxygen  is  liberated.  If  a  solution 
of  copper  sulphate  is  elcctrolyzed,  the  copper  does  not  react 
on  the  water,  but  deposits  on  the  cathode,  while  oxygen,  as 
before,  is  set  free  at  the  anode. 

Faraday,  who  investigated  electrolysis,  discovered  that  if 
a  current  is  passed  through  a  solution,  the  amoimt  of  the 
element  either  liberated  or  deposited  at  the  electrode  at  a 
given  time  was  directly  proportional  to  the  strength  of  the 
current;  that  is,  if  the  same  current  was  passed  through 
solutions  of  different  salts,  the  amounts  of  the  elements 
liberated  at  the  electrode  always  showed  a  definite  relation 
to  one  another. 

If,  for  instance,  the  same  current  was  passed  successively 
through  acidulated  water,  a  solution  of  silver  nitrate,  and  a 
solution  of  cupric  sulphate,  and  the  amount  of  hydrogen 
liberated  from  the  acidulated  water  was  .01083  gram,  then 
the  amount  of  silver  deposited  from  the  silver  nitrate  was 
always  1.118  grams  and  the  amount  of  copper  from  the 
cupric  sulphate  was  always  .3281  gram. 

If  we  now  divide  the  weights  of  the  deposited  silver  and 
copper  by  that  of  the  liberated  hydrogen,  we  obtain  the  fol- 
lowing results: 

1   118 

=  107.7  for  silver; 


.0108:3 

.3281 

.01083 


=  31.  G  for  co])per. 
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Numbers  obtained  in  this  way  are  generally  known  as  the 
electrochemical  equivalents,  A  list  of  the  electrochem- 
ical equivalents  and  the  atomic  weights  of  a  number  of  ele- 
ments are  given  in  Table  4. 


TABL.E  4. 


Name  of  Element. 


Potassium 
Sodium . . . 

Gold 

Silver  . . . . 
Copper . . . 
Mercury  . , 

Tin 

Iron 

Zinc 

Lead 

Oxygen. .. 
Chlorine . , 
Bromine . . 
Iodine . . . . 
Nitrogen. , 


Electrochemical 
Equivalent. 


39.0 

23.0 

65.4 

107.7 

31. G 

99.9  and  100.8 

20.5  and  50 

28  and  50 

32. 5 

103.2 

8.0 

35.4 

70.8 

120.5 

4.7 


Atomic  Weight. 

30 

23 
100.2 
107.7 

63.2 
100.8 
118 

56 

65 
200.4 

16 

35.4 

70.8 
126.5 

14 


In  examining  this  table  the  student  will  at  once  notice 
(1)  that  the  atomic  weight  of  an  element  is  either  identical 
with  the  electrochemical  equivalent  or  some  multiple  of  it; 
and  (2)  that  some  elements  seem  to  have  more  than  one 
electrochemical  equivalent. 

With  regard  to  the  first  point,  it  must  be  remembered 
that  the  value  obtained  is  the  equivalent  of  hydrogen.  We 
have  already  seen  in  Arts.  29,  30,  31,  and  33,  Theoretical 
Chemistry^  that  elements  are  classified  according  to  their 
combining  power  as  monovalent,  divalent,  etc. 
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The  equivalent  of  an  clement,  as  determined  from  its  com- 
bining power,  is  therefore  equal  to 

Atomic  Weight 
Valence       ' 

and  would  be,  for  instance,  in  the  case  of 

107  7 
Silver,  i^  =  107.7; 

Copper,  -^  =  31.0; 

At 

Gold,  — -^-  =  65.4. 

These  numbers  arc  precisely  the  same  as  those  determined 
for  the  electrochemical  equivalents. 

The  second  point  can  easily  be  explained,  if  the  student 
bears  in  mind  that  a  number  of  metals  form  two  independent 
scries  of  salts;  as,  for  instance,  mercurous  chloride  HgCl 
and  mercuric  chloride  IfgCl^^  stannous  chloride  SnC/^  and 
stannic  chloride  SfiCl^^  etc.,  and  that  those  metals  possess 
more  than  one  valence.     For  example,  we  have  for  mercury 

11)9.8       ,  UM.).8         ,  ^      ^.     118       -  118  -        .      , 

— - —  and  — ;^ — ^,  and  for  tni  -—  and  -j-;  and,  as  in  the  pre- 
vious case,  tlie  values  s:)  obtained  agree  with  the  electro- 
chemical equivalent.  From  all  that  is  said  in  this  article  we 
can  readily  deduct  the  following  law: 

The  atomic  laii^^ht  of  an  clciuoit  is  equal  to  the  electro- 
die  mica  I  equivalent^  as  detenjiijied  duriiiij!;  the  electrolysis  of 
a  compouud^  viiiltiplicd  by  the  valence  of  the  clcfucnt  in  the 
compound. 

CONSTITUTION   OF   COMPOUNDS  IN  THE  GASEOUS 

CONDITION. 

27.  Investigations  of  the  nature  and  the  constitution  of 
the  molecule  of  any  gaseous  eon-i])ound  may  be  made  upon 
several  inde])endent  lines;  namely,  by  ascertaining  any  of 
the  following: 

1.  The  vapor  density,  and  deduce  from  this  the  molec- 
ular weight. 
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2.  The  products  that  are  formed  when  the  compound  is 
decomposed  by  heat  or  other  means. 

3.  The  way  the  compound  is  vsynthetically  built  up  from 
either  its  elements  or  simpler  compounds,  as  the  case  may  be. 

4.  The  behavior  of  the  compound  in  the  presence  of  cer- 
tain reagents. 

28.  The  Effect  of  Heat. — If  a  compound  exists  at  ordi- 
nary' temperature  in  the  gaseous  form,  or  if  a  solid  or  liquid 
compound  can  readily  be  brought  into  this  form,  little  diffi- 
culty exists  in  ascertaining  whether  it  behaves  as  a  typical  gas 
or  not.  For,  if  it  does  so,  it  expands  regularly  and  equally 
with  every  increase  of  temperature  (see  Gay-Lussac*s  law, 
Art.  89,  Theoretical  Chemistry).  The  volume  of  the  gas  at 
0°  C.  being  z/,  its   volume   at   the    temperature   /   will   be 

7^(273  +  0    ,.  .   .  .     .      T.      1       •. 

^^.^ — ^,  the   pressure   remaming  constant.     Its  density 

then  will  be 

where  Wis  the  weight  of  a  given  volume  of  the  gas,  and  w 
is  the  weight  of  the  same  volume  of  hydrogen  imder  the 
same  pressure  and  at  the  same  temperature  (see  Art.  26, 
Theoretical  Chemistry),  Or  if,  as  it  is  very  often  the  case, 
air  is  used  in  place  of  hydrogen  as  the  medium  for  compari- 
son, and  the  density  thus  found  called  d^  the  density  for 
hydrogen  may  be  expressed  thus: 

D  =  14.43^/, 

and  the  molecular  weight  according  to  Art.  26,  Theoretical 
Chemistry^  would  then  be 

2  A  or  28.8G^/. 

29.  Dissociation.  —  There  exist,  however,  numerous 
cases  where  the  volume  of  gaseous  compounds,  after  a  cer- 
tain temperature  has  been  reached,  is  greater  than  it  should 
be  according  to  the  law  of  Gay-Lussac  referred  to  in  the 
previous  article.      Let  us  consider  the    case  of   stannous 
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chloride  as  an  illustration.  This  compotind,  if  its  formula  is 
Sn^C/^f  should  have  the  vapor  density  188.8,  while  as  SnCi^ 
its  vapor  density  would  be  only  94.4.  It  boils  at  606°,  and 
at  019°  its  vapor  density  is  185.5,  corresponding  closely  to 
Spi^Cl^y  but  a  still  further  increase  of  heat  causes  the  vapor 
density  to  diminish,  until  at  800°  its  vapor  density  is  only 
104,  then  approaching  closely  the  value  for  SnCl^^  though 
still  too  high  for  it 

This  vapor  density  undoubtedly  indicates  that  stannous 
chloride,  at  the  boiling  point,  has  a  molecular  composition 
corresponding  to  Sn^C/^;  but  that  at  higher  temperatures 
these  heavier  molecules  gradually  dissociate  into  SnCi^y 
though  at  8(K>°  (and  even  at  1,100°)  the  complete  dissociation 
has  not  been  entirelv  effected. 

Similarly,  nitrogen  tetroxide,  if  its  formula  is  N^O^^  should 
have  a  vapor  density  of  45.95.  The  vapor  density  of  this 
compound  has  been  made  the  subject  of  very  thorough  and 
iiitercstini^  researches,  and  the  values  obtained  at  its  boiling 
jKuiu  arc  ^ivcn  here: 

At  9l\0°,  D  =  24.85 
At  100 A\  D  =  24.27 
At  lll..r\  D  =  23.70 
At  121. 5\  D  =  23.41 
At  K>.VO\  D  =  23.12 
A:  abv^iit  HO.u%  D  =  22.98 


r  o  \vl'\io  i:\Vv  n  !as:,  \'v*  .♦>,  Wv>u-vl  bo  the  vap>or  density 
v\    -x  >  \  *\!  !*.C   '-'  tVv^  !,'- -' ::\i  .\\'*  .    :H>:r:  which  it  follows 

V    '  ^  \'  '    r  '4  •■ 

l^\ :  ovc*  .i:  '-^  N-     v;  v\'":.  ;*v  vU  •*>:%•  *<  o^nsiderablv 
\^\Nci"  •,  •  ••*.    t'     V  w'^  X  •     x  •v\*v.  '\\:    '  **  :>.-  formula  A' C^^. 
t'\*"*'  \\ ^  s'\  ■■  .^.":    ."'o  \\^'o*.  ^  s'-"   '\:^  *w*.   .!'m\\-j:  that  SO 
\\\^o^^    ",.'  ■.  'n*  -».  ;.o  x';  'At  .'..s'  v"'.Ni^vv '.;.•>:*  ,',>  S4.vn  U:?  its  boil- 


A: 

•      * 

P 



t»0. 

30 

A: 

i\ 

.. 

56 

A: 

:;» 

N  ' 

;  — 

•::> 

A: 

\  ». 

* 



S'^ 

A: 

,".  \ 

•  -v 

-- 

•»=  ■. 

!•» 

A: 

.     ■ 

»  \ 

—  ; 

S4 

A: 

<s      ' 

r  1  " 

»  X 



x^-. 

i  ■? 

,.x.»    \\^     V,    \.x   -.VviN    VnI 
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30.  Extent  of  Dissociation. — From  the  observations 
(assuming  that  N^O^  and  NO^  are  the  only  products)  the 
number  of  molecules  of  each  of  these  compounds  may  be 
readily  calculated.  Assuming  that  there  are  100  molecules 
of  N^O^  at  the  beginning,  and  of  these,  at  a  certain  temper- 
ature, say  49.6°,  x  are  dissociated,  forming  2x  molecules  of 
iV(?,,  and  leaving  100— ;r  molecules  of  N^O^\  or,  in  other 
words,  at  49.6°,  100  molecules  of  N^O^  become  100  — jriV^O, 
-^2x N0^\  there  are  now  (100  +  ^)  molecules  in  the  place  of 
the  original  100,  and  the  density  will  have  diminished  in  the 
inverse  proportion,  so  at  49.6°, 

100      __    32.8 
100+^  ~  45.95' 

from  which  we  readily  calculate  x  =  40. 

At  49.6°,  therefore,  the  gas  consists  of  GO  molecules  of 
^\0^  and  80  molecules  of  NO^. 

The  pressure  that  a  gas  exerts  on  the  walls  of  a  confined 
space  is  directly  proportional  to  the  volume  of  the  gas  (as 
measured  under  standard  conditions)  which  is  introduced 
into  that  space  (see  Art.  88,  Theoretical  Clunnistry);  hence, 
instead  of  determining  the  volume  occupied  by  the  gas  at 
different  temperatures,  the  increase  of  pressure  may  be 
measured,  and  the  volume  calculated  from  this — a  method  of 
procedure  frequently  adopted  where  high  tem^xiratures  have 
to  be  employed. 

31.  DissociatIt>n  Accompanlecl  by  Chemical 
Change. — In  the  few  cases  so  far  considered,  the  changes 
that  occur  with  the  increase  of  the  temperature  are  reversed 
when  the  temperature  again  falls;  the  NO^  molecules  gradu- 
ally reunite  to  form  Nfi^  molecules,  so  that,  for  instance, 
starting  with  200  molecules  NO^  at  140°,  there  will  be  found 
60  molecules  Nfi^  and  80  molecules  NO^  when  the  temper- 
ature has  fallen  to  49.6°.  The  process  may  be  represented 
as  follows: 

Nfi^  =  NO^  +  NO^  for  rising  temperature. 

NO^  +  NO^  =  NJD^  for  falling  temperature. 
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Such  a  reversible  change  is  most  conveniently  expressed 
by  a  general  equation ;  thus, 

Many  compound  substances,  when  heated,  undergo  a 
change  of  composition,  as  for  instance 

PCI,  =  PCi,  +  a, 
CaCO^  =  CaO+CO^ 

Conditions  may  be  such  that,  with  a  fall  in  temperature, 
recombination  occurs;  while  this  is  not  always  possible,  it 
is  known  to  be  the  case  in  the  last  two  examples, 

/>67,+  C/,  =  PC/, 
CaO+CO^  =  CaCO^ 

and  it  will  be  of  interest  to  consider  these  two  cases  more  in 
detail. 

33.     Dissociation   of  Phosphorus    Pentachlorlclo. — 

The  phenomena  observed  with  nitrogen  tetrox{de,in  regard  to 
the  reunion  of  molecules  of  similar  chemical  composition,  take 
])lace  in  this  case  between  molecules  of  different  chemical  com- 
position, and  are  likewise  classed  as  dissociation  phenomena. 
Thus,  if  phosphorus  jxjntachloride  is  heated  in  a  closed  glass 
tube,  the  colorless  vapor  of  the  pentachloride  soon  shows  a 
greenish  tint,  which  is  due  to  free  chlorine.  On  cooling,  a 
recombination  appears  to  gradually  take  place,  for  the 
greenish  tin^^c  slowly  disappears.  The  well  known  French 
chemist  Wlirtz  made  the  interesting  observation  that,  if 
PCl^  was  heated  in  an  atmosphere  of  one  of  the  products 
of  dissociation — that  is,  in  either  PCl^  or  CI^ — it  became 
possible  to  vaporize  the  PCl^  without  decomposition.  The 
effect  of  heating  phosphorus  pentachloride  alone  is  therefore 
expressed  by 

pa,    =     rci,    +     a, 

1  molecule         1  molecule         1  molecule 

Hence,  tlie  vapor  density  was  indeed  found  to  be  52.0, 
instead  of  ln4  as  reciuired  bv  the  formula  7Y7.. 

Heated  in  presence  of  7^67,  or  of   67,,  in  order  to  prevent 
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dissociation,  the  vapor  density  was  104,  corresponding  thus 
to  the  formula  PCl^, 

33.  Dissociation  of  CaCO,. — In  connection  with 
CaCO^j  a  typical  case  of  dissociation  of  a  solid  substance 
(calcium  carbonate)  into  the  solid  calcium  oxide  CaO  and  the 
gaseous  carbon  dioxide  CO^  is  encountered.  The  dissociation 
tension  of  CaO  by  itself  is  so  small  that  it  may  be  neglected 
here,  and  the  extent  of  the  dissociation  maybe  measured  by 
the  pressure  exerted  when  calcium  carbonate  is  heated  in  a 
closed  space.  The  French  chemist  Le  Chatelier  has  deter- 
mined this  pressure  at  various  temperatures  and  found  it 
to  be : 


Temperature. 

Pressure  of  Mercury. 

Degrees  C. 

Millimeters. 

547 

27 

610 

40 

625 

50 

740 

255 

745 

289 

810 

078 

812 

703 

805 

1,333 

The  pressure  exerted  by  the  gas  at  each  temperature  is 
termed  the  dissociation  tension  for  that  temperature;  thus, 
at  740°  the  dissociation  tension  is  255  mm.  of  mercury  and 
at  812°  it  is  703  mm.,  approximately  standard  atmospheric 
pressure.  On  cooling,  recombination  of  the  CaO  and  CO^^ 
occurs  just  as  in  the  previous  cases.  So  if  the  temperature 
is  allowed  to  fall  from  810°  to  010°,  this  recombination  takes 
place  until  the  dissociation  tension,  40  mm.,  corresponding  to 
010°,  is  reached,  and  if  the  temperature  is  then  kept  constant 
at  this  point,  the  dissociation  tension  will  remain  constant  at 
46  mm.  If,  then,  calcium  carbonate  is  heated  imder  such 
conditions  that  the  products  formed  remain  in  contact,  the 
phenomena  observed  are  true  dissociation  phenomena. 
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34.  I>ecompo8!tlon  of  Oxides  by  Heat. — In  consider- 
ing the  decomposition  by  heat,  we  shall  first  investigate  the 
behavior  of  the  oxides.  Many  of  these  readily  give  up  either 
a  part  or  the  whole  of  their  oxygen;  thus, 

^lllgO  =  2//^+  O, 
%Aufi^  =  iAu  +  30^ 

4CrO,  =  2Cr,(7.  +  3C>, 

Other  oxides,  as,  for  instance,  silica,  alumina,  magnesia, 
zinc  oxide,  etc.,  are  able  to  resist  a  very  large  amount  of 
heat,  without  giving  any  visible  indication  of  decomposition. 

Researches  pertaining  to  the  behavior  of  oxides  disclose 
the  fact  that  there  exists  a  certain  relation  between  the 
]X)siti()n  of  electropositive  elements  in  the  periodic  system 
and  the  stability  of  their  oxides. 

The  electropositive  elements  that,  after  forming  oxides, 
readily  part  again,  at  even  moderate  temperatures,  with  all 
of  their  oxygen,  belongeither  in  Group  VIII  or  in  the  uneven 
series  of  other  groups  (see  Table  2,  Inorganic  Chemistry^ 
Part  .*5)  of  llic  pcriixlic  system.  They  are  67,  />V,  /,  Ag,  An, 
Ifg,  Pil,  and  /v.  It  has  been  found,  in  fact,  that  the  higher 
tlie  atomic  weight  of  an  oxide-forming  metal  is  in  general, 
the  more  readily  is  the  oxide  decomposed ;  and  if  we  extend 
our  investigation  and  inquire' into  the  effect  of  heat  in  pres- 
ence of  simple  reducing  agents,  such  as  hydrogen  or  carbon, 
we  will  further  discover  that  under  these  conditions  many 
more  oxides  undergo  deeonipositit)n.  The  oxides  of  the  fol- 
lowing elements  must  then  be  added  to  those  previously 
given  :  Cu.  Zn,  Of.  (ui,  /;/,  77,  6\-,  Sn,  Pb,  P,  As,  Sb,  Bt\ 
\  .SV,  I\\  /'V,  Ci\  Xi\  and  the  rest  of  the  platinum  metals. 
A  glance  at  Table  t>,  Tuor^^aiiic  CJuinistry,  Part  3,  wll  show 
that  these  elements  belong  either  to  (Jroup  VIII  or  to  the 
uneven  series  o{  other  groups. 

The  stability  o^  the  oxides  i:;  therefcM'e  a  function  of  the 
atomic  weight,  for  the  elements  \vhose  oxides  most  readilv 
give  up  the  whole  of  their  oxygen  belongeither  to  Group  VIII 
or  to  the  uneven  series  of  the  other  groups. 
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35.  Decomposition  of  Other  Compounds  by  Heat. 

Other  binary  compounds,  such  as  sulphides  and  chlorides, 
show  a  similar  relationship.  With  more  complex  salts,  such 
as  the  carbonates,  nitrates,  and  sulphates,  the  primary  prod- 
ucts of  decomposition  are  usually  oxides  that  are  liable  to 
undergo  further  change  or  decomposition  according  to  the 
conditions  under  which  the  experiment  is  performed. 
Nitrate  of  lead,  for  instance,  forms,  as  ultimate  products, 
PbO,  NO^,  and  O^ : 

the  temperature  required  to  start  and  continue  the  decom- 
position being  such  that  N^O^  cannot  exist.  But  with  nitrate 
of  bismuth  in  the  presence  of  moisture  or  water  of  crj'stalli- 
zation,  a  lower  temperature  suffices  to  effect  a  decomposition, 
and  the  products  obtained  are  the  oxide  of  bismuth  and 
nitric  acid : 

So  with  the  carbonates,  lead  or  calcium  carbonate,  for 
instance,  give  as  products  of  decomposition  the  oxide  of  the 
metal  and  carbon  dioxide;  while,  with  silver  carbonate,  the 
oxide  of  silver  also  undergoes  decomposition,  and  the  ulti- 
mate products  are  silver,  oxygen,  and  carbon  dioxide  : 

36.  Formation  of  Compounds  by  Synthesis. — Just  as 
in  numerous  cases  two  elements  unite  to  form  a  binary  com- 
pound, such  as  an  oxide,  or  chloride,  etc. ,  so  the  synthesis  of 
more  complex  compounds  may  be  effected  by  the  combina- 
tion of  two  binary  compounds.     Thus, 

P60  +  S0^  readily  form  P6S0^ 

PbO^  +  SO^  readily  form  PdSO^ 

CaO+  CO^  readily  form  CaCO^ 

KCN-^AgCNx^dAWyiorm  KAg[CN)^ 

Hfi-^-Nfi^  readily  form  2HN0^ 

"INH^  +  H^S  readily  form  {NH^^S 
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This  method  of  regarding  salts  as  composed  of  two  binary 
compounds  was  adopted  by  Berzelius  and  other  chemists  of 
his  time,  as  a  general  explanation  of  the  formation  of  the  more 
complex  bodies,  and  is  known  as  the  dualist ic  theory. 

If  our  attention  is  principally  given  to  inorganic  com- 
pounds, many  points  in  favor  of  this  theory  may  be  raised 
and  sustained,  but  when  we  come  to  consider  the  complex 
compounds  of  organic  chemistry,  such  an  explanation  of  con- 
stitution is  entirely  insufficient,  and  at  present  it  has  given 
way  to  the  unitary  theory^  a  conception  that  regards  the 
compound  as  made  up  of  individual  atoms,  each  of  which 
exerts  its  influence  on  the  nature  and  stability  of  the  body. 


CONSTITUTION    OF    COMPOUNDS    IN    THE    lilQUID 

STATK. 

3  7  •  Molecular  or  Speclfle  Voliimo. — It  has  been  shown 
in  Art.  4!3,  Inorgafiic  Chemistry ^  Part  3,  that  a  certain 
periodic  relationship  exists  between  the  atomic  volumes  of 
the  elements.  Although  a  very  few  of  the  elements  can  be 
obtained  in  the  liquid  condition  under  such  circumstances  as 
to  admit  an  accurate  determination  of  their  atomic  volume, 
there  arc,  however,  many  compounds,  especially  carbon 
compounds,  that  exist  at  ordinary  temperatures  and  pressure 
in  the  liquid  state,  and  Kopp,  in  1842,  showed  that  the 
specific  gravity  of  such  bodies  stood  in  intimate  relation  to 
their  composition.  It  was  first  discovered  that  some  isomeric 
liquids  (i.  c.,  bodies  having  the  same  chemical  composition 
but  differing  in  chemical  character)  had  the  same  specific 
volume  (the  specific  volume,  sometimes  called  the  molec- 
ular volume  of  a  compound,  is  the  quotient  of  its  molec- 
ular weight  by  its  specific  gravity),  and  furthemiore,  that 
in  a  series  of  compoimds,  which  differed  from  one  another 
only  by  //  CII^  groups,  the  specific  volumes  showed  a  regular 
difference  corresponding  to  the  number  of  these  groups. 
Examples  of  this  are  given  as  follows  : 
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Substance. 

Formula. 

Molecular 
Weight. 

Specific 
Volume. 

Difference. 

Acetic  acid 

CH^CO^H 

60 

63.7 

Methyl  formate 

HCO^CH, 

60 

03.4 

Butyric  acid 

c.H^cojr 

88 

107. 1 

Ethyl  acetate 

CH^CO^CJI, 

88 

107.0 

Methyl  alcohol 

CI  I, OH 

32 

42.7 

10.5 

Ethyl  alcohol 

C.OfiH 

40 

02. 2 

10.1 

Propyl  alcohol 

CJI^OH 

GO 

81.3 

20. 3 

Butyl  alcohol 

CJI^OH 

74 

101.0 

21.1 

Amyl  alcohol 

CJI.fiH 

88 

122.7 

It  is  certainly  evident  from  these  figures  that  some  relation 
must  exist  between  the  specific  volume  and  the  chemical 
composition  of  liquid  compounds.  We  must,  however, 
define  what  is  understood  by  the  specific  gravity  of  a  liquid 
and  the  condition  under  which  it  is  determined,  for  its  value 
will  vary  considerably  according  to  the  conditions  under 
which  it  is  measured. 

In  order  that  the  results  may  be  compared,  it  has  been 
found  necessary  to  take  the  specific  gravity  at  the  boiling 
point  of  the  liquid,  since  then,  apparently,  liquids  most 
nearly  approach  the  same  physical  conditions. 

38.  Determination  of  the  Speelfle  Gravity  of  a 
lilquld. — The  determination  of  the  specific  gravity  of  liquids 
has  been  already  outlined  in  Art.  36,  Physics,  and  will  be 
briefly  repeated  here.  The  determination  is  generally 
accomplished  by  means  of  a  pycnomctcr  (Dr.  SprengeVs 
pycnometeris  shown  in  Fig.  2,  Physics).  This  little  instru- 
ment is  first  weighed  alone  (let  us  call  its  weight  tc),  and  is 
then  filled  with  water,  as  directed  in  Art.  36,  Physics^  and 
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weighed  again  (the  weight  thus  obtained  we  will  call  2v^) ; 
finally  it  is  filled  with  the  liquid  whose  specific  gravity  is  to 
be  determined,  and  the  weight  (which  we  might  call  7v^) 
again  taken. 

It  is  evident,  however,  that  the  weight  w  is  not  the  abso- 
lute weight  of  the  pycnometer,  but  practically  that  of  this 
instrument  plus  the  air  it  contairis.  The  weight  of  the  air  may 
be  considered  to  be  calculated  with  sufficient  accuracy  by 
taking  it  as  g^j^  of  that  of  the  increase  of  weight  when  filled 
with  water,  that  is,  ^^^^  {zu^  —  la).  After  deducting  this,  the 
weight  of  the  vacuous  pycnometer  is  obtained  (this  we  wnll 
call  11^. 

Then  the  specific  gravity  of  the  liquid  5,  compared  with 
water  as  unity,  is  ^  —  jf^ 

By  suspending  the  apparatus  in  a  bath  of  liquid  at  any 
temperature,  the  specific  gravity  at  that  particular  tempera- 
ture may  also  be  ascertained. 

39.     A   more   appropriate    device    for    the  purpose   of 

^__^^^  making  a  succession  of  observations  at  different 
/f^  temperatures  is  the  instrument  shown  in  Fig.  8. 
It  is  known  as  a  dilatomcter^  and  consists  of 
a  glass  tube  a  which  terminates  in  a  bulb  b. 
The  bulb  and  the  stem  must  be  calibrated,  and 
the  stem  is  graduated  so  that  the  volume  is 
known  to  any  point  of  the  graduation.  The  bulb 
is  filled  with  the  liquid  in  question  and  the 
increase  in  w^eight  noted.  If  the  bulb  and  its 
contents  arc  now  heated  at  successive  tempera- 
tures, the  liquid  will  expand  and  the  volume  it 
occupies  at  different  temperatures  may  be  meas- 
ured by  noting  the  graduated  point  to  which  it 
rises  on  the  stem. 

It  is  very  often  possible  to  raise  a  liquid  to  its 
boiling  point  without   ebullition  actually  taking 
place,  and  hence  the  actual  volume  at  the  boiling 
point  may  be  determined.     By  these  methods,  the  specific 
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gravities  of  a  large  number  of  liquids  have  been  determined, 
and  we  shall  now  see  how  the  specific  volumes  of  compounds 
and  of  the  elements  of  which  the  former  are  composed  may 
be  deduced. 

We  have  seen  from  the  examples  given  in  Art.  37  that 
the  difference  of  specific  volume  by  the  introduction  of  the 
group  CH^  is  approximately  22. 

If  we  now  compare  two  liquids  similar  in  composition, 
except  that  the  first  contains  x  carbon  atoms  more  than  the 
second,  and  the  second  2  x  atoms  of  hydrogen  more  than  the 
first,  we  shall  find  that  they  have  equal  specific  volumes. 
Thus, 

Specific  gravity  of  heptane  C,//,,  =  .G138 

Specific  volume  of -heptane  =  =  162.9 

Specific  gravity  of  mesitylenc  CJI^^  =  .7370 

120 
Specific  volume  of  mesitylene  =  =  1G2.8 

The  increase  of  specific  volume  due  to  the  introduction  of 
the  group  C//^  is  22,  and  the  effect  of  one  atom  of  carbon  is 
equivalent  to  that  of  two  atoms  of  hydrogen.  The  specific 
volume  due  to  one  atom  of  carbon  is  11,  and  that  due  to  one 
atom  of  hydrogen  is  5. 5. 

Again,  the  specific  gravity  of  water  at  its  boiling  point  is 

18 
.9579,  and  its  specific  volume  therefore  is  — -rr  =  18.8. 

^  .9579 

If  from  this  we  deduct  11  as  the  value  of  //^,  there  remains 
7. 8  as  the  specific  volume  of  the  atom  of  oxygen. 

The  specific  volume  of  a  considerable  number  of  com- 
pounds, especially  organic  compounds,  can  now  be  calculated, 
and  the  values  thus  obtained  compared  with  those  originating 
from  actual  experiments.  The  following  general  formula 
may  be  used: 

Specific  volume  =  1 1 ;//  +  5. 5 ;/  +  7. 8/, 

where  m,  n,  /,  are  the  number  of  atoms  of  carbon,  hydro- 
gen, and  oxygen,  respectively. 
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For  example,  alcohol  has  the  formula  C^Hfi\  using  the 
above  given  formula,  we  obtain 

(11X2) +(5.5X0) +  (7.8  XI)  =  02.8. 

The  actual  value  for  the  specific  volume  of  alcohol  as 
obtained  by  experiment  is  02.2. 

40.  The  formula  above  given,  however,  will  not  hold 
good  in  all  cases,  as  we  shall  presently  see.  ^  Many  organic 
compounds  containing  oxygen  display  a  considerable  dis- 
crepancy between  the  calculated  value  and  that  obtained  by 
actual  experiment.  For  instance,  acetone  has  a  calculated 
specific  volume  of  73.8,  its  specific  volume  obtained  experi- 
mentally is  78;  acetic  acid  has  a  calculated  specific  volume 
of  59.0,  its  specific  volume  obtained  experimentally  is  03.7. 

Investigations  developed  the  fact  that  such  discrepancies 
always  occur  whenever  oxygen  is  directly  combined  to  car- 
bon only^  while  if  it  is  combined  to  hydrogen  the  previous 
formula  holds  good. 

From  the  behavior  of  these  compounds,  and  from  the 
manner  in  which  they  are  acted  upon  by  reagents,  there  are 
good  reasons  for  assuming  that  they  may  be  structurally 
represented  by  the  following  graphic  formulas: 

Alcohol.  Acetone.  Acetic  Acid. 

//    //  //  //  H 

II  II  II 

ji^c-c-0-rr  ii-c-c-c-H  n-c-c-^o^n 

II  I    II    I  I    II 

//    //  //    O    H  II    O 

Where  the  oxygen  is  combined  directly  with  carbon  only, 
we  shall  call  it  carbonyl  oxygen^  and  where  it  is  combined 
with  hydr(\i;cn,  we  shall  call  it  hydroxy  I  oxygen.  From  the 
graphic  formulas  given  the  student  will  readily  f>erceive  that 
alcohol  contains  hydroxyl  oxygen,  acetone  contains  carbonyl 
oxygen,  and  acetic  acid  contains  one  atom  of  each  type. 

Wherever  carbonyl  oxygen  occurs,  the  specific  volume  of 
oxygen  has  a  higher  value,  namely  1*2.  *2,  and  having  allowed 
for  this  higher  value,  the  modified  expression  is  for 

Acetone  (11X3) +  (5.5x0) +  ( l->. 2X1)  =  78.2; 
Accticacid(llx2)  +  (5.5X4)  +  (7.8xl)  +  (l'^-^'^Xl)  =  04. 
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A  more  searching  comparison  of  the  values  calculated  with 
those  based  on  experimental  determinations,  has  revealed  the 
fact  that  in  gener^^l,  even  with  compounds  containing  only 
carbon  and  hydrogen,  the  specific  volume  is  dependent  in 
some  degree  on  the  constitution  of  the  body.  Moreover, 
sulphur  and  nitrogen,  like  oxygen,  show  different  values, 
depending  apparently  on  variations  in  their  valence  or  man- 
ner of  combination.  Determinations  of  specific  volume  thus 
become  of  still  greater  importance,  for  they  can  not  only  be 
used  to  fix  the  molecular  weight  where  the  specific  gravity 
is  known,  and  vice  versa,  but  they  also  afford  a  means  of 
indicating  peculiarities  of  constitution  and  valence.  So  far 
as  inorganic  compounds  exist  in  the  liquid  state;  e.  g.,  SiC7^, 
SnCi^,  TiCl^,  POCl^y  VOCi^,  etc.,  these  liquids  may  be 
employed  for  the  purpose  of  ascertaining  the  specific  volume 
of  the  elements  CV,  //r,  /,  Si,  Sn,  7V,  J\  J\  etc.  The  num- 
lx?rs  representing  thj  specific  volumes  for  those  elements, 
whose  compounds  have  been  examined,  are  given  below  in 
Table  5. 


T.VBI^K    5. 


Element. 


Speeifie  Volume, 


.).0 

7.8 
•)  •> 


Hydrogen 

Oxygen,  O// 

Oxygen,  C// 1 

Carbon 11.0 

Chlorine 2*2. 8 

Bromine  . . : 27.8 

I(xiine :V7.5 

Nitrogen 2.3 

Sulphur,  hexavalent 12.0 

Sulphur,  tetravalent 

Sulphur,  divalent 

Phosphorus 25.4 

Silicon '  r^2.0 

Titanium i  ',]:>,  o 


22.  G 
2S.3 
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In  the  case  of  chlorine  and  bromine,  these  values  have 
been  compared  with  those  deduced  from  the  uncombined 
elements  in  the  liquid  condition  and  found  to  agree  closely : 

Specific  Gravity.         Specific  Volume. 

Liquid  chlorine 1.56  22.7 

Liquid  bromine 2.96  2G.9 

On  the  whole  evidence  it  may  therefore  be  concluded  that 
the  volume  occupied  by  the  molecule  of  an  clement  in  the  free 
state  is  usually  the  same  as  tliat  which  it  occupies  in  combina- 
tion in  its  liquid  compounds^  but  that  it  undergoes  modification 
according  to  the  method  of  attachment  of  the  individual  atoms  ^ 
or  luhere  the  molecule  of  the  compound  is  of  a  complex  nature. 

Should  we  attempt  to  extend  the  operation  of  such  a  gen- 
eralization to  solid  bodies,  great  irregularities  appear;  it 
may,  however,  hQ  taken  as  generally  true  that  where  the 
compounds  are  chemically  similar  and  isomorphous  there  is  a 
fairly  close  agreement  in  specific  volume,  thus: 

Specific  Gravity.  Specific  Volume. 

MgSO^.lH^O  1.685  146.0 

146.9 
145.6 
146.0 
147.5 


ZnSO^riHfi 

1.853 

NiSO^.tH^O 

l.!t31 

CoSC\Mi,0 

] .  !>->4 

Fi-S0„7//,0 

1.S84 

SOIA'TION. 

41.     If  we  mix  oil  and  water  and  shake  the  mixture  for 

some  time,  we  will  notice  that  both  liquids  are  apparently 
broken  tip  into  minute  globules  which  freely  intermingle, 
but  wc  will  also  notice  that  on  allowing  this  mixture  to 
become  quiet,  these  intermingled  globules  separate,  and  a 
layer  of  oil  gathers  upon  the  water.  If,  on  the  other  hand, 
alcohol  and  water  are  shaken  together,  the  alcohol  will 
become  intimately  associated  with  the  water  and  evenly  dis- 
tributed throughout  the  mass  without  any  separation  after- 
wards occurring.  In  the  first  case  the  water  and  oil  for  the 
time  being  were  intermingled,  forming  an  emulsion,  while 
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in  the  latter  case  the  alcohol  is  said  to  have  dissolved  in  the 
water.  In  the  case  of  alcohol  and  water,  the  two  liquids 
may  be  brought  together  in  any  proportion  desired  without 
separation  occurring  afterwards,  since  alcohol  (and  a  number 
of  other  liquids  as  well)  may  be  associated  with  water  in  all 
proportions. 

As  a  rule,  however,  the  amount  of  a  substance  that  can  be 
disseminated  through  water  is  limited,  and  when  this  limit 
has  been  reached  a  saturated  solution  has  been  formed. 
Under  certain  conditions,  water  may  however  take  up  still 
more  of  the  substance,  and  the  solution  is  then  said  to  be 
supersaturated. 

Although  we  have  been  speaking  so  far  only  of  water,  this 
fact  applies  to  all  liquids.  Alcohol,  as  we  have  fretjuently 
seen  in  previous  Instruction  Papers,  is  a  good  solvent  for 
many  salts,  and  bisulphide  of  carbon  CS^^  though  it  is,  as  a 
rule,  not  a  solvent  of  salts,  takes  up  iodine,  phosphorus, 
sulphur,  and  many  sulphur  compounds  freely. 

43.  Solubility  of  Salts. — If  we  make  a  solution  of  com- 
mon salt  NaClj  at  ordinary  temperatures  and  a  sohition  of  it 
in  boihng  water,  we  can  estimate  the  amount  of  salt  dis- 
solved by  evaporating  the  solutions,  and  we  will  find  in  the 
first  case  that  35  grams  of  salt  dissolved  in  100  grams  of 
water,  and  that  in  the  second  case  40  grams  of  siilt  were 
dissolved  by  the  same  weight  of  boiling  water. 

If  we  now  repeat  these  experiments,  but  use  scxlium  nitrate 
instead  of  salt,  we  will  find  that  80  grams  at  ordinary  tem- 
peratures and  180  grams  at  the  boiling  point  will  dissolve  in 
100  grams  of  water. 

From  these  simple  experiments  we  can  draw  the  conclu- 
sions that,  (1)  sodium  nitrate  is  much  more  freely  soluble  in 
water  than  sodium  chloride;  (2)  both  salts  are  more  freely 
soluble  in  hot,  than  in  cold,  water,  and  that  the  difference  is 
much  more  distinct  in  the  case  of  sodium  nitrate  than  it  is  in 
the  case  of  solium  chloride. 

It  may  in  general  be  laid  down  as  a  rule  that  solid  sub- 
stances are  more  soluble  in  hot,  than  in  cold,  water;  but  that 


44 


ORGANIC  CHEMISTRY. 


§12 


there  appears  to  bo  no  simple  relation  between  the  amounts 
dissolved  and  the  temperature.  The  solubility  of  a  substance 
for  all  temperatures  may  be  conveniently  represented  by  a 
curve,  and  in  Fig*.  9  a  diagram  is  given  with  some  examples 
of  these  curves,  the  temperature  being  indicated  along-  the 
horizontal  line,  and  the  number  of  grams  dissolved  in  100 
grams  of  water  along  the  vertical  line. 

200i 1 1 1 1— ^ 

ISO 


100' 


Fir,.  9. 


The  student  will  notice  that  in  some  cases  the  graphic 
representation  is  practically  a  straight  line,  that  is,  the 
amount  dissolved  increases  directly  as  the  temperature;  and 
tliat  in  other  cases,  the  amount  dissolved  increases  in  a  more 
ra])id  ratio  the  higlier  the  tem])erature. 

In  a  few  instances  the  curve  of  solubility  is  irregular,  at 
first  risini,^  in  tlie  ordinary  way  and  then  falling  rapidly. 
An  interestini^  example  of  this  is  afforded  by  sodium  sul- 
phate.     If   crystals   of    this   s:dt,   having    the    composition 
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JVa^SO^ylOff^Of  are  dissolved  in  water,  and  the  amount  enter- 
ing into  solution  at  different  temperatures  is  measured,  the 
curve  that  represents  the  results  will  take  the  form  shown  in 
Fig.  10;  the  dotted  curves  show  the  solubility  of  the  anhy- 
drous sodium  sulphate,  and  of  the  salt  containing  different 
amounts  of  water  of  crystallization.     £  C  I?  is  the  curve  as 


100" 


found  for  the  anhydrous  Xa^^Sc^^;  UK  \.\  the  curve  as 
found  for  NaJSO ^^'^II^O  \  FG  is  the  curve  as  found  for 
Na^SO^MMIfi. 

On  examining  the  curves  in  Fig.  K)  wc  notice  that  (1)  the 
solubility  of  the  salts  containing  water  of  crystallization 
increases  rapidly  with  the  tcniix^rature,  as  shown  by  the 
ascending  curves  FG  and  H K\  (2)  the  solubility  of  the 
anhydrous  salt  decreases  slowly  as  the  temperature  rises: 
(3)  the  general  curve  of  sodium  sulpliatc  A  BCD  shows 
both  of  these  characters. 

Up  to  the,  deflection  at  /',  when  tl:e  temperature  c^f  the 
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solvent  is  about  34°,  it  resembles  the  curve  for  hydrated 
salts;  the  solubility  then  rapidly  falls  and  partakes  of  the 
nature  of  the  curve  for  anhydrous  sodium  sulphate,  and 
indeed  from  C  to  D  it  corresponds  absolutely  with  it.  We 
must  therefore  conclude  that  up  to  34°  it  is  the  hydrated  salt 
that  is  imdergoing  solution,  but  that  above  this  temperature 
the  attachment  of  the  water  to  the  salt  is  severed.  This 
example  is  of  very  great  interest,  as  it  brings  clearly  before 
the  student's  mind  the  fact  that  in  the  process  of  solution  we 
may  look  for  changes  taking  place  in  the  nature  of  the  mole- 
cule; changes  that  usually  imply  a  breaking  up  of  the  mole- 
cule. There  is,  indeed,  much  evidence — to  some  of  which 
we  shall  have  the  opportunity  to  refer — that  when  a  sub- 
stance enters  into  solution,  dissociation  may  take  place,  and 
that  salts,  even  of  the  most  stable  character,  in  many  cases, 
undergo  a  partial  dissociation  into  the  constituents  when 
they  are  dissolved. 

43.  Crystallization  of  Salts. — If  a  solution  that  has 
been  saturated  at  100°  is  allowed  to  cool,  more  or  less  of  the 
salt  will  separate  according  as  it  is  much  more  or  only 
slightly  more  st)hible  at  higher  temperatures  than  at  the 
ordinary  temperature.  If  the  cooling  takes  place  slowly, 
and  the  liquid  is  undisturbed,  the  conditions  are  favorable 
to  the  production  of  large  and  perfect  crystals,  while  by 
cooling  rapidly  and  with  agitation,  small  crystals  are 
obtained. 

Substances  that  differ  from  one  another  in  solubility  may 
frec^ucntly  be  separated  by  the  process  of  fractional  crystal- 
lization. If,  for  instance,  a  solution  containing  50  grams  of 
calcium  chloride  and  20  grams  of  potassium  chlorate  to  the 
liter,  is  concentrated  until  its  volume  is  reduced  to  100  c.  c, 
and  then  allowed  to  cool,  approximately  15  grams  of  potas- 
sium chlorate  will  separate  from  it.  These  crystals  will 
contain  very  little  of  the  extremely  soluble  calcium  chloride, 
and  if  they  are  redissolved  at  100°  in  just  sufficient  water 
and  again  cooled,  potassium  chlorate  practically  free  from 
calcium  chloride  will  be  obtained. 
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Such  a  process  is  often  of  service  for  separating  salts 
on  a  large  scale,  as,  for  instance,  in  the  following  case. 
Potassium  chloride  is  less  soluble  at  ordinary  temperatures 
than  sodium  chloride,  but  while  its  solubility  increases  some- 
what rapidly  as  the  temperature  rises,  that  of  sodium  chlo- 
ride alters  very  little.  A  boiling  saturated  solution  of  the 
two  chlorides  will  therefore  contain  considerable  more  potas- 
sium chloride  than  sodium  chloride,  and  if  such  a  solution  is 
cooled  down  to  about  40^,  the  salt  that  separates  out  will 
be  chiefly  potassium  chloride. 

44:.  Solubility  of  Mixcil  Salts. — ^^Ve  cannot,  however, 
assume  that  in  solutions  of  mixed  salts  the  actual  or  even 
the  relative  solubility  of  the  salts  is  the  same  which  they 
possess  when  separately  dissolved.  Thus  the  chlorides  of 
potassium  and  sodium  at  about  20°  have  practically  the  same 
degree  of  solubility  (36  parts),  but  a  saturated  solution  of 
the  mixed  salts  will  be  found  to  contain  about  twice  as  much 
sodium  chloride  as  potassium  chloride  (30  and  10  parts, 
respectively).  To  cite  another  case,  ammonium  chloride 
and  barium  chloride  at  the  same  temperature  dissolve  to  the 
extent  of  37  and  30  parts,  respectively,  but  a  solution  satu- 
rated with  a  mixture  of  the  two  chlorides  contains  34  parts 
of  ammonium  chloride  and  12  parts  of  barium  chloride. 

If  we  attempt  to  classify  substances  qualitatively,  accord- 
ing to  their  solubility,  it  becomes  apjxircnt  that  the  salts  of 
the  alkalies  are,  as  a  rule,  more  readily  dissolved  than  those 
of  other  elements,  and  while,  for  instance,  the  nitrates  and 
chlorides  are  nearly  all  readily  soluble,  the  phosphates,  car- 
bonates, silicates,  and  oxides  are  mostly  insoluble  in  water. 

Why  some  substances  should  be  more  soluble  than  others 
is  still  an  unsolved  problem,  but  it  has  been  pointed  out  that 
the  substances  that  dissolve  most  freely  are  also  those  that 
generally  melt  at  the  lowest  temperatures.  Such  substances 
that  are  liquid  at  ordinary  temperatures,  as,  for  example, 
alcohol,  sulphuric  acid,  nitric  acid,  etc.,  mix  in  any  propor- 
tion with  water,  and  there  is  reason  for  the  assumption  that 
in  many  cases,  if  not  in  all,  a  solution  may  be  regarded  as 
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consisting  in  the  association  of  the  solvent  with  the  salt  as  it 
passes  into  the  fluid  condition.  Such  a  consideration  will 
help  to  show  why  more  S£ilt  should  be  dissolved  at  higher 
temperatures  than  at  lower  ones.. 

45.  Heat  Phenomena  of  Solution. — When  a  substance 
dissolves  in  water,  the  particles  of  the  salt,  or  of  any  water 
of  crystallization  it  may  contain,  are  disseminated  through 
the  liquid,  and  a  change  takes  place  corresponding  to  the 
passage  from  the  solid  to  the  liquid  state.  We  have  pre- 
viously seen  (see  Art.  ^%^  Inorganic  Chemistry^  Part  1)  that 
a  change  from  the  solid  to  the  liquid  state  is  usually  accom- 
panied by  an  absorption  of  heat  and  consequent  lowering  of 
temperature.  Observations  made  upon  salts  in  water  show 
that  in  some  cases  in  the  act  of  solution,  as  should  be 
ex|X3cted,  there  is  a  fall  in  temperature.  Examples  of  this 
are  given  in  Table  6,  where  the  numbers  express  the  calories 


TABLK  O. 


Compounds. 


Calories. 


XaCl, 
KG. , 


AniCl  . 
XaXO. 
KX(  I. 


.////.V(\ 

Xr^S(\,  \()//j^ 

Cai/.,,  ^MfO I 

naCi,.  'iii.s^ ; 

M:^sl\^  {//j^ ' 

ZnSC\,  Uf.,0 

OiS(\,  r^IlO 


•  1.18 
4.44 

-  3.88 

•  5.03 
■  8.52 

-  6.32 
■18. 7  G 

4.34 
4.93 
3.91 
4.24 
2.75 


of  licat  (sec  Art.  ]()(>,  JViysics)  al)Sorl)ccl  during  the  solution 
of  sncli  fjiKintitics  in  grams  as  arc  expressed  by  the  molecular 
wciglils  (molecular  gnnn  weight)  of  the  respective  salts. 
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But  there  exist  also  a  large  number  of  cases,  where  just 
the  reverse  action  occurs,  that  is,  where  a  rise  of  temperature 
ensues  when  solution  takes  place.  The  heat  in  these  cases 
originates  in  chemical  action  between  the  salt  and  the  sol- 
vent, and  is  similar  to  the  action  that  occurs  when  lime  and 
water  are  brought  in  contact. 

During  solution,  the  following  actions  are  recognized  as 
occurring  simultaneously: 

1.  The  particles  of  the  salt  disseminate,  involving  the 
absorption  of  heat. 

2.  The  salt  combines  with  water,  evolving  heat. 
Where  the  affinity  of  the  body  for  water  is  considerable 

combination  is  prevalent,  and  thus  overbalances  the  absorp- 
tion of  heat  due  to  dissemination,  the  resultant  effect  being 
a  manifestation  of  heat  ;  where  the  salt  in  question  possesses 
only  a  comparatively  small  affinity  for  water,  the  resultant 
effect  is  usually  an  absorption  of  heat  and  consequent  lower- 
ing of  temperature. 

In  Table  6  are  given  (a)  salts  that  cr}'stallize  at  ordinary 
temperature  without  attaching  to  themselves  water  of  crys- 
tallissation,  and  that  may  be  considered  to  possess  only  a  small 
affinity  for  water  ;  (^)  salts  that  before  solution  have  com- 
bined with  water  as  water  of  crystallization.  Both  varieties 
belong  to  the  latter  category  of  bodies  in  which  the  pre- 
dominant change  is  one  in  the  direction  of  absorption  of 
heat. 

In  Table  7  is  given  the  heat  evolved  when  the  molcculc- 


TABLE    7. 


Salt. 


Calories. 


Na^SO^ +    0.40 

CaC/^ -f  17.41 

BdC/^ +    2.07 

M^SO^ +20.17 

ZnSO^ '  +  18.44 

CuSO, +15.80 
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ijram  weights  of  the  anhydrous  salts,  which  have  consider- 
able aiHinity  for  water  (as  shown  by  their  existence  in  the 
solid  state  in  attachment  to  water  of  crystallization),  are  dis- 
solved. It  is  evident  from  the  table  that  the  predominant 
effect  is  that  due  to  the  energy  of  attachment  of  water  dur- 
ing solution,  the  heat  evolved  being,  in  many  cases,  quite 
considerable, 

46.  Dltttision  of  Liquids. — The  law  governing  the  dif- 
fusion of  giises  is  given  in  Art  05,  Theoretical  Chemistry. 
In  gases,  the  ultimate  particles  possess  great  freedom  of 
motion  and  the  rate  of  diffusion  is  consequently  large, 
depending  entirely  on  the  density  of  the  gases ;  in  liquids,  on 
the  other  hand,  the  freedom  of  motion  is  greatly  restricted, 
and  the  diffusion  is  consequently  much  slower.  So  slowly 
docs  diffusion  proceed  that,  since  slight  disturbing  influences 
appear  unavoidable,  it  is  a  matter  of  extreme  difficulty  to 
determine  positively  the  laws  governing  it. 

Graham,  who  laid  down  the  law  concerning  the  diffusion 
of  gases,  also  investigated  the  diffu- 
sion of  liquids  by  placing  a  vial  filled 
with  a  solution  of  a  salt  in  a  jar  with 
water,  as  shown  in  Fig.  11,  taking  due 
precautions  to  prevent  any  premature 
admixture  of  the  two  liquids  while 
arranging  the  experiment.  The  proc- 
ess of  diffusion  was  an  exceedingly 
slow  one,  as  may  be  inferred  from  the 
fact  tliat  with  the  most  suitable  sub- 
stances, but  2(1  to  :tO  ])er  cent,  of  the 
liquid  piissed  from  the  vial  into  the 
^'°  "  surrounding   water  in   the   course  of 

one  wccli  and  \eirs  mayelapsc  without  the  salt  becoming 
cijually  diffused  throughout  tlie  wh()lc  nf  the  liquid. 

The  fullowing  statements,  liascd  on  experiments  of  Graham 
and  others  may  be  considered  -is  generally  true: 

1.  The  rate  of  diffusion  increases  witli  the  temjierature, 
and  is  approximately  proportionate  to  the  cun  cent  ration. 
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2.  There  appears  to  exist  no  simple  relation  between  the 
rate  of  diffusion  of  salts  and  their  chemical  composition. 

It  will,  however,  be  interesting  to  add  some  observations 
on  salts  of  the  alkalies,  especially  in  consideration  of  facts 
that  have  lately  been  accumulated  relating  to  dissociation  as 
recurring  in  solutions. 

Solutions  of  lithium  chloride,  sodium  chloride,  and  potas- 
sium chloride  were  prepared  so  as  to  contain  their  own 
molecular  weight  in  grams  per  liter,  and  these  solutions  were 
allowed  to  diffuse  under  precisely  the  same  conditions.  The 
relative  amounts  that  diffused  in  the  same  space  of  time 

were : 

LiCl :  NaCl :  KClv.  18  :  20  :  27 

Molecular  weight:  42.88  *  58.86     74.41 

so  that  potassium  chloride,  which  has  the  highest  molecular 
weight,  diffused  the  quickest,  and  lithium  chloride,  whose 
molecular  weight  is  the  lowest,  diffused  the  slowest.  There 
is  reason  to  believe — ^and  further  evidence  will  be  given — 
that  the  potassium-chloride  molecules  in  solution  undergo 
dissociation  to  such  an  extent  that  its  molecular  weight  in 
that  condition  may  in  reality  be  even  smaller  than  that  of 
lithium  chloride.  Such  a  state  of  things  would  afford  a 
reasonable  explanation  of  the  results  of  these  diffusion 
experiments. 

47.  Dialysis. — The  word  dialysis  has  been  defined,  and 
a  convenient  form  of  dialyzer  shown,  in  Art.  16!!2,  Inorganic 
Chemistry^  Part  2.  If  a  solution  of  common  salt  and  the 
white  of  an  ^%%  is  poured  upon  the  septa  of  the  dialyzer  and 
the  whole  left  to  itself  for  a  day,  it  will  be  found  that  most 
of  the  salt  has  passed  through  the  septa  into  the  water  below, 
while  nearly  the  whole  of  the  albumin  (i.  e.,  the  white  of  the 
^%^  has  remained  behind.  Graham  found  that  a  number  of 
substances  readily  pass  through  the  septa,  while  to  other 
substances  it  was  practically  impermeable  ;  the  former  he 
called  crystalloids^  and  the  latter,  owing  to  their  glue  char- 
acter, colloids.  The  times  of  diffusion  of  equal  amounts  of 
some  typical  substances  are  given  below : 
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Hydrochloric  acid 1 

Sodium  chloride 23 

Sugar 7 

Magnesium  sulphate ....  7 

Albumin 49 

Caramel 98 


•N 


Crystalloids. 


h 


Colloids. 


48,  Having  obtained  some  insight  into  the  nature  of  the 
solution  and  the  conditions  that  hold  between  the  dissolved 
substance  and  the  solvent  containing  it,  we  shall  now  pro- 
ceed to  examine  other  phenomena  pertaining  to  solution, 
which  are  related  to  the  molecular  weight  of  the  dissolved 
substance.  In  many  cases,  however,  changes  of  a  chemical 
nature  ensue  on  solution,  and  the  difficulty  arises  of  distin- 
guishing how  far  any  effects  that  may  be  observed,  result 
from  the  chemical  changes  of  the  body,  and  how  far  they  are 
attributable  to  the  physical  molecules  of  which  it  is  made  up. 
Wc  have  seen,  for  instance,  that  when  sodium  sulphate  is 
dissolved  in  water,  there  are  evidences  of  dissociation  which 
have  to  be  taken  in  account. 

Under  certain  conditions,  however,  the  effect  produced  by 
chemical  changes  may  be  cither  kept  constant  or  practically 
eliminated,  and  then  it  will  be  possible  to  study  the  varia- 
tions that  originate  in  the  molecule,  on  the  mass  of  which 
they  are  purely  dependent.  For  this  purpose  the  solutions 
used  must  be  (1)  in  a  very  dilute  condition  and  under  like 
physical  conditions ,  ('■*)  prepared  in  such  a  manner  that  the 
solvent  selected  shall  have  the  least  possible  tendency  to 
ctTect  chemical  change. 

The  operations  dcscril)ed  in  the  following  articles  must 
therefore  be  taken  generally  as  applying  only  to  solutions 
imder  these  limitations. 


BETERMIXATIOX  OF  MOLECUIiAR  WEIGHTS. 

49.     Depression    of   Vreozin^    Point,  —  It    Is   a   well 

known  fact  that  salt  water  does  not  freeze  as  readilvas  fresh 
water,    and   a   similar   observation   has    been    extended     to 
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solutions  in  general,  and  has  showTi  to  have  some  connection 

with  the  molecular  weight  of  the  dissolved  substance.     But 

it  was  not  until  recently  that,  owing  to  the  researches  of 

Raoult  and  others,  a  definite  quantitative  relation  hcis  been 

established  between  the  lowering  of  the  freezing  point  o^  a 

solution  and  the  molecular  weight  of  the  substance  contained 

in  the  solution. 

If   1   part  of  ether  C^H^JJ  be  dissolved  in  100  parts  of 

water,  the  freezing  point  of  the  mixture  falls  to  .^o""  below 

zero;  and  if  2  parts  of  ether  be  dissolved,  the  depression  is 

twice  this.     Calculated  for  the  molecular  weight  in  grams 

of  ether  (which  is  positively  known  from  its  vapor  density), 

wc  have 

.25X74  =  18.5. 

In  general  if  ^  be  the  depression  of  the  freezing  point  of 
water  for  a  1-per-cent.  solution,  and  J/ be  the  known  molecu- 
lar weight,  then  for  water  as  solvent,  M.d  is  a  value  approxi- 
mating very  nearly  to  18.0. 

Similarly,  other  solvents  may  be  used.    Thus  a  1-per-cent. 

solution  of  liquid  nitrogen  tetroxide  depressed  the  freezing 

point  of  acetic  acid  .412°.    The  molecular  weight  of  nitrogen 

tetroxide  being  92, 

M.d'  ^  37.0. 

A  number  of  such  determinations  with  bodies  of  known 
molecular  weight  shows  that  the  effect  of  dissolving  an 
amount  equal  to  the  molecular  weight  in  grams  in  100  c.  c. 
of  the  solvent  gives  a  depression  for 

Water  =  IS.O; 

Acetic  acid  =  3S.S; 
Benzene        =  40.(). 

Such  determinations  require  small  ranges  of  temperature 
to  be  measured  with  great  accuracy;  for,  as  the  relation  only 
holds  for  dilute  solutions,  a  depression  amounting  very  often 
to  only  a  few  tenths  of  a  degree  has  to  be  measured. 

A  convenient  apparatus,  known  as  JJockiiianiiN  nppn- 
ratus,  is  shown  in  Fig.  12.  It  consists  of  a  stout  wide  glass 
tube  a,  to  contain  the  solvent,  f  uniished  with  a  side  tube  b,  by 
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which  the  substance  may  be  introduced.  A  thermometer  c, 
graduated  to  .01  of  1"  is  inserted  through  a  rubber  stopper 
into  the  tube  a.  The  lower  part  of 
tube  a  is  enclosed  in  a  thin  outer  tube 
d,  to  form  an  air  jacket  for  the  purpose 
of  preventing  too  rapid  changes  of  tem- 
perature. The  whole  is  placed  in  the 
outer  vessel  e,  which  contains  some 
kind  of  freezing  mixture,  and  is  pro- 
vided with  a  stirring  rod/.  A  known 
weight,  say  20  grams,  of  the  solvent  is 
introduced  and  cooled  a  little  below  its 
freezing  point,  and  then  stirred  with 
the  platinum  stirrer^  until  it  commences 
to  freeze.  The  thermometer  will  now 
rise  and  remain  steady  at  the  correct 
freezing  point  of  the  liquid,  say  i".  The 
solvent  is  liquefied  and  cooled  again,  and 
a  second  experiment  is  performed;  a 
weighed  amount,  say  .8.  gram  of  the 
substance  being  introduced  by  the  side 
tube.  When  the  freezing  again  takes 
place,  the  thermometer  rises  and 
remains  steady  at  the  temperature  t'. 
The  depression  of  freezing  point  is 
i°  ~-t°.  This  is  for  a  1-per-cent.  solu- 
tion, and  if  acetic  acid,  for  instance,  had 
been  used, 
M(t''-t°)=  38.8; 
that  is,  the  molecular  \veij;ht 


Care  should  be  taken  tn  prevent  the  solvent  from  absorb- 
ing moisture  from  the  air  during  the  experiment,  as  this 
would  naturally  interfere  with  accurate  results. 

As  it  is  sometimes  impossible  orlnconvenient  to  use  exactly 
a  1-per-cent.  soluliun,  we  may  adopt  the  general  expression 
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where  Af 

r 


d 

P 
g 


Mf_rpxl(iO 

~dg~' 
moleciilar  weight; 
constant  (for  water,  18.9); 

(for  acetic  acid,  38.8); 

(for  benzene,       49. 0) ; 
depression  of  freezing  point; 
number  of  grams  of  substance  dissolved; 
number  of  grams  of  solvent  used. 


The  following  experiment  has  been  performed  by  the 
author  for  the  instruction  of  the  student : 

The  freezing  point  of  120  grams  of  benzene  was  foimd  to 

be  G° ;  6  grams  of  sulphur  were  dissolved  in  the  benzene  and 

the  freezing  point  again  determined;   it  was  found  to  hQ 

4.68°,  that  is  to  say  a  depression  of  1.32''  resulted.     Using 

the  formula  given  above, 

r/XlOO 

dg     ' 

and  substituting  the  proper  values, 


M  = 


49  X  6  X 100 
1.32X120 


=  185. 6  was  found. 


Thus  the  molecular  weight  of  solid  sulphur  is  185.6,  a 
number  sufficiently  close  to  192  to  confirm  the  recent  con- 
clusion that  the  molecule  of  solid  sulphur  is  S^. 

This  method  of  determining  molecular  weights  is  known 
as  the  cryoscoplc  inetho<l  or  Raoult^s  methocl. 

As  further  examples  of  the  determination  of  molecular 
weight  we  may  quote  the  following  organic  substances,  the 
depression  being  that  for  a  1-per-cent.  solution  in  water: 


Name. 

Formula. 

d. 

18.9 

d  ' 

Af. 

Urea 

.287 
.130 
.213 
.054 

65.0 
145.4 

88.8 
350.0 

60 

Tartaric  acid 

Lactic  acid 

Cane  sugar 

150 

90 

342 

5G 
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GROUP  OF  ISOMORPIIOUS  SULPITATES. 


Name. 

Formula. 

d. 

Magnesium  sulphate 

MgSO,,^Hfi 

.072 

Ferrous  sulphate . . . 

FeSO^^nHfi 

.055 

Nickel  sulphate 

NiSO^rilf^O 

.055 

Copper  sulphate. . . . 

CuSO^.lHfi 

.065 

Zinc  sulphate 

ZnSO^.lHfi 

.058 

18.9 

d  ' 

J/. 

262.5 

245.  G 

343.6 

277.6 

343.6 

280.0 

290.8 

284.9 

325. 8 

286. 8 

SAI.TJ4  OF  THE  ALKAI.IK8. 


Name. 


Scxiium  chloride  . . . 
Sodium  bromide  .  . . 

Sodium  iodide 

Potassium  chloride. 
Potassium  bromide. 
Potassium  icKlidc. . . 


Formula. 

d. 

18.9 

d  ' 

J/. 

NaCl 

.000 

31.5 

5S.4 

NaBr,iHfi 

.189 

100.0 

174.0 

NaT,iH^O 

.152 

124.3 

221.4 

KCl 

.446 

42.4 

74.4 

KBr 

.292 

64.7 

118.8 

KI 

.212 

89.1 

165.6 

It  will  be  rcadilv  seen  that  in  the  first  table  there  is  a  close 
ag-recment  between  the  molecular  weight  in  the  solution  as 

18  9 
indicated  under  the  column  — 7^,  and  that  shown  by  the  for- 
mula as  given  imder  J/!  But  in  the  salts  of  the  alkalies 
there  is  quite  a  considerable  divergence,  and  the  molecular 
weight  as  determined  in  solution  is  in  each  case  little  more 
than  half  that  required  by  the  formula;  also  in  the  second 
tabic  the  irregularities  arc  considerable.  With  mineral  acids. 
(»r  strong  bases  or  salts  of  complex  structure,  containing 
water  of  crystallization,  there  is  usually  a  notable  divergence; 
and  this  is  doubtless  du':  to  the  dir.turbing  effect  of  chemical 
changes  that  ensue  during  solution,  or  to  variable  conditions 
of  aggregation  of  the  molecules.  This  view  is  supported  by 
the  fact  tliat  where  an  indifferent  bcxly,  as  benzene,  can  be 
used  as  a  solvent,  more  consistent  results  are  obtained.  As 
to  the  behavior  of  the  haloid  salts  of  the  alkalies,  it  is  taken 
to  indicate  that  they  undergo  partial  dissociation  in  solution. 
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50.  Elevation  or  Bolllnir  Point. — It  is  likewise  found 
that  the  elevation  of  boihng  point,  which  is  brought  about 
in  a  liquid  by  dissolving  a  foreign  substance  in  it,  is  also 
proportioual  to  the  molecular  weight.     In  this  case 


M  ■ 


where  g  and  p  have  the  same  sigoificance  as  before ;  E  is  the 
ibserved  elevation  of  boiling  point ;  and  A'is  a  constant  that  for 
..■ater  is  520;  for  acetic  acid,  3,530;  and  for  benzene,  2,G70. 
An  apparatus  used  for  this  purpose  is  shown  in  Fig.  ];i. 
It  consists  essentially  of  a  glass  boiling  tube  a,  through 
the  orifice  of  which 
a  thermometer  gradu- 
ated to  .01  of  1°  is 
fitted;  this  tube  serves 
as  the  receptacle  for 
the  solvent.  This  is 
enclosed  by  a  steam 
jacket  b  made  of  either 
glass  or  metal,  the  heat- 
ing box  c  made  of  asbes- 
tos, the  chimneys  s, 
and  the  coolers  k.  The 
mode  of  operation  is 
practically  the  same  as 
that  described  for  Beck- 
mann's  apparatus  (sec 
Fig.  12).  The  steam 
jacket  b  and  the  boiling 
tube  a  are  partly  filled 
with  the  solvent;  the 
Bunsen  burners  be- 
neath the  apparatus 
are  lighted;  and  after 
the  expiration  of  from 
30  to  CO  minutes  the 
solvent  will  be  steadily 
boiling.     The  temi>erature  is  notwl. 


and  the  substance  tc  he 
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dissolved  is  then  added  to  the  solvent  in  tube  a.  When 
the  solution  again  boils  and  the  thermometer  shows  a 
steady  point,  the  new  boiling  temperature  is  read  off.  The 
calculation  is  made  exactly  in  the  same  way  as  shown  in 
Art.  49. 

51.  Osmotic  Pressure. — The  pressure  that  a  substance 
in  solution  exerts  on  the  solvent  is  called  the  osmotic  pres- 
siii-e  of  the  solution,  as  it  can  only  be  rendered  apparent  and 
directly  measured  by  taking  advantage  of  the  phenomenon 
of  osmosis.  It  has  been  previously  mentioned  (see  Art.  47) 
that  structureless  substances,  such  as  parchment,  etc.,  will 
allow  a  much  more  rapid  passage  through  them  of  some 
kinds  of  molecules  than  of  other  kinds.  Several  substances 
exist  that  will  allow  water  molecules  to  pass  through  them 
almost  infinitely  faster  than  they  allow  many  other  kinds  of 
molecules  to  pass.  When  a  membrane  made  of  one  of  these 
substances  is  immersed  in  an  aqueous  solution,  it  will  gen- 
erally hapix3n  that  the  water  molecules  will  pass  through 
the  membrane  very  much  faster  than  the  molecules  of 
the  dissolved  substance.  This  transition  of  molecules 
differs  from  that  called  diffusion  in  that  it  appears  to 
depend  rather  upon  the  specific  nature  of  the  membrane 
than  Tipon  its  porosity.  The  term  osmosis  is  used  to  indi- 
cate this  difference. 

The  nieth(Kl  employed  for  stud3nng  .the  pressure  exerted 
by  a  dissolved  substanee  on  the  solvent,  can  l:)e  easily  imder- 
stood.  A  vessel  is  constructed  of  a  material  that  permits 
tlie  osmosis  of  the  solvent  molecules,  but  not  the  dissolved 
molecules.  The  solution  whose  osmotic  pressure  is  to  be 
studied,  is  introduced  into  this  vessel,  which  is  then  immersed 
in  a  hath  of  the  pure  solvent.  The  solvent  molecules  will 
]\ass  into  the  vessel  and  out  of  it,  but  since  there  are  more 
of  these  molecules  in  unit  volume  outside  the  vessel  than 
there  arc  inside  (on  account  of  the  presence  of  the  dissolved 
molecules),  more  of  tlie  solvent  will  pass  into  it  in  imit  time 
than  will  pass  out,  and  e(|uilibrium  will  only  be  established 
when  a  certain  ])ressurc,  compensating  for  this  difference 
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between  the  number  of  solvent  molecules  in  unit  volume, 
has  been  established  inside  the  vessel.  This  pressure  is 
termed  the  osmotic  pressure  of  the  solution^  and  is  attributed 
to  the  dissolved  molecules ;  it  can  be  measured  by  closing  the 
vessel  by  an  ordinary  pressure  gauge. 

In  practice,  it  is  found  necessary  to  support  the  osmotic 
membrane,  which  is  to  form  the  walls  of  the  vessel,  by  deposit- 
ing it  on  the  surface  of  a  porous  vesseL  The  most  successful 
method  consists  in  depositing  copper  ferrocyanide  (a  material 
that  behaves  as  an  osmotic  membrane  to  aqueous  solutions) 
within  the  pores  of  a  biscuit-porcelain  battery  cell  (3  in.  X  1 
in.);  for  this  purpose  the  cell  is  filled  with  a  3-pcr-cent.  solu- 
tion of  copper  sulphate  and  immersed  in  a  3-per-cent.  solution 
of  potassium  ferrocyanide.  The  two  solutions  meet  in  the 
wall  of  the  cell,  and  a  continuous  sheet  of  copper  ferrocya- 
nide is  deposited  therein.  An  inverted  funnel  is  cemented 
in  the  mouth  of  the  cell,  and  a  U-shaped  mercury  gauge  is 
sealed  to  the  stem  of  the  funnel.  The  cell  is  nearly  filled 
with  the  aqueous  solution  whose  osmotic  pressure  is  to  be 
measured,  and  is  immersed  in  a  bath  of  distilled  water.  The 
pressure  of  the  air  trapped  between  the  gauge  and  the  solu- 
tion is  measured  by  the  variation  in  the  height  of  the  mer- 
cury in  the  gauge. 

It  is  found  that  the  same  relationship  exists  between  the 
osmotic  pressure  and  the  concentration  of  a  gas.  That  is  to 
say,  the  osmotic  pressure  is  directly  proportional  to  the 
weight  of  the  dissolved  substance  in  unit  volume  of  the  solu- 
tion, just  as  the  pressure  of  a  gas  is  directly  proportional  to 
the  weight  of  the  gas  in  imit  volume  (Mariottc's  law.  Art.  57, 
Physics^.  Thus  a  1-per-ccnt.  sugar  solution  exerts  an  osmotic 
pressure  equal  to  535  mm.  of  mercury,  while  the  osmotic  pres- 
sure of  a  2-per-cent.  solution  of  sup^ar  is  equal  to  1,070  mm., 
provided  the  temperature  is  the  same  in  both  cases. 

Again,  the  osmotic  pressure  of  a  solution  varies  directly  as 
the  absolute  temperature  (thermomctric  temperature +  :273) 
erf  the  solution,  just  as  the  pressure  of  a  gas  varies  directly 
with  its  absolute  temperature  (Gay-Lussac\s  law,  Art.  89, 
Theoretical  Chemistry^).      Thus  the  l-per-ccnt.   solution    of 
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sugar  shows  an  osmotic  pressure  of  544  mm.  of  mercury  at 
32°  and  of  612  mm.  at  14.15°  ^544X^^^:3^  =  512). 

It  seems,  then,  that  the  variations  which  occur  in  osmotic 
pressure  of  a  dilute  solution  when  the  concentration  of  the 
solution  is  varied,  are  controlled  by  the  same  laws  as  those 
that  govern  the  variations  in  the  pressure  of  a  gas  when  the 
concentration  of  the  gas  is  varied.  But  the  analogy  between 
the  osmotic  pressure  and  the  gaseous  pressure  is  still  closer 
than  this;  for  it  is  found  that  the  osmotic  pressure  is  identical 
luith  the  gaseous  pressure  which  the  weight  of  dissolved  sub- 
stance liwuld  exert  at  the  sajnc  temperature^  if  it  were  in  the 
state  of  gas  and  occupied  the  volume  filled  by  the  solution. 

It  is  considered  reasonable  to  deduce  from  this  that  the 
number  of  molecules  of  dissolved  substances  in  a  volume  v  of 
a  solution,  having  an  osmotic  pressure/  and  a  temperature  /, 
is  the  same  as  the  number  of  molecules  in  a  volume  z^  of  a 
gas  at  the  pressure/  and  the  temperature  /. 

Thus,  for  instance,  a  1-per-cent.  solution  of  cane  sugar 
^iJK-Px  I  ^^  ^°  exerts  an  osmotic  pressure  of  493  mm.  Now,  the 
molecular  weight  corresponding  with  the  formula  C^Ji^^O^^ 
is  342,  and,  could  the  cane  sugar  be  gasified,  342  grams  of  it 
would  occupy  22.32  liters  at  0"*  and  700  mm.  pressure;  that 
is  to  say,  342  grams  of  gaseous  sugar  in  a  volume  of  22.32 
liters  at  0°  would  exert  a  pressure  of  7G0  mm.  The  concen- 
tration of  342  grams  in  22.32  liters  is  the  same  as  a  con- 
centration of  15.32  grams  in  1  liter;  therefore,  15.32  grams 
of  gaseous  sugar  in  1  liter  at  U°  should  exert  7(10  mm.  pres- 
sure. It  follows  that  10  grams  in  1  liter  at  0°  should  exert 
a  pressure  of  4!)G  mm.  This  is  practically  identical  with  the 
osmotic  pressure  of  a  (1-per-ccnt.)  sugar  solution  containing 
10  grams  ])cr  liter. 

Gases  of  high  concentration — that  is,  at  high  pressure — 
cease  to  obey  the  laws  of  Mariotte  and  (jav-Lussac.  The 
same  may  be  (considered  true  for  solutions  at  high  concen- 
tration. 

vSince  Avogadro's  law  (sec  Art.  2-I-,  Theoretical  Chemis- 
try) is  dcducible  mathematically  from  those  of  ^lariotte  and 
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Gay-Lussac,  and  since  dilute  solutions  appear  to  be  controlled 
by  the  two  laws  last  named,  it  seems  probable  that  a  law 
similar  to  Avogadro's  should  exist  for  dilute  solutions.  This 
was  first  pointed  out  by  Van't  Hoff,  whose  laiv  of  osmotic 
pressure  is  thus  stated;  Equal  volumes  of  different  solutions^ 
at  the  same  temperature  ami  osmotic  pressure^  contain  equal 
numbers  of  molecules  of  dissolved  substance. 

The  similarity  between  this  statement  and  that  expressing 
Avogadro's  law  will  be  at  once  evident. 

Solutions  that  exert  equal  osmotic  pressures  are  said  to  be 
Isotonic. 

Just  as  the  relation  between  the  weight  of  the  molecules 
of  gases  can  be  deduced  from  Avogadro's  law,  so  can  the 
relation  between  the  weight  of  the  molecules  of  two  dis- 
solved solids  be  deduced  from  Van't  Huff's  law.  For  it 
follows  from  this  law,  that  when  equal  volumes  of  two  solu- 
tions are  isotonic,  and  at  the  same  temperature,  the  weight 
of  the  dissolved  solid  in  the  one  is  as  much  heavier  than  the 
weight  of  the  dissolved  solid  in  the  other,  as  the  molecular 
weight  of  the  first  solid  is  heavier  than  the  molecular  weight 
of  the  second. 

5!3,  Determination  of  Molecular  AVelgrhts  of  Non- 
volatile Substances. — The  applicability  of  the  measure- 
ment of  osmotic  pressure  to  the  determination  of  molecular 
weights  will  now  be  easily  understood.  A  solution  of  the 
solid  whose  molecular  weight  is  unknown  may  l)c  diluted  or 
strengthened  until  its  osmotic  pressure  is  identical  with  that 
of  a  solution  containing  a  known  weight  of  a  solid  whose 
molecular  weight  is  known.  The  ratio  between  the  weights 
of  the  solids  in  1  liter  of  each  solution  is  then  the  ratio 
between  the  molecular  weights  of  the  solids. 

For  example,  a  solution  of  a  substance  of  unknown  molec- 
ular weight  was  diluted  until  its  osmotic  pressure  was  found 
to  be  identical  with  that  of  a  solution  of  sugar  in  water  (at 
the  same  temperature).  The  weight  of  solid  in  1  liter  of 
each  solution  was  then  determined;  that  in  the  sugar  solu- 
tion was  1  gram;  that  in  the  other  solution  was  1.5  grams 
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By  Van't  Hoff's  law  these  weights  must  have  the  same  ratio 
to  each  other  as  have  the  molecular  weights  of  the  sub- 
stances. Let  X  be  the  unknown  molecular  weight;  the 
molecular  weight  of  sugar  is  342;  therefore, 

342  :  ;r  =  1  :  1.5,  or  ;r  =  342x1.5. 

The  measurement  of  osmotic  pressure  is  neither  easy  nor 
capable  of  great  accuracy;  it  is  not,  therefore,  as  a  rule  well 
adapted  for  the  determination  of  molecular  weights. 


UI.TIMATE    ORGANIC  ANAIiYSIS. 

53.  The  science  of  chemistry  was  originally  divided  into 
inorganic  and  organic  chemistry^  in  order  to  distinguish  the 
substances  derived  from  the  mineral  kingdom  from  those 
originating  from  either  vegetable  or  animal  life.  These 
latter  compounds  were  considered  unobtainable  by  synthesis 
until  the  never-ceasing  and  patient  labor  of  the  chemists  of 
the  second  half  of  the  present  century  succeeded  in  produ- 
cing a  large  number  of  organic  compounds  from  the  elements 
obtainable  from  mineral  sources,  and  it  has  become  custom- 
ary now  to  define  organic  chemistry  as  the  chemistry  of  the 
carbon  coniponnds^  since  this  element  is  always  present  in 
these  compounds. 

Ori^anic  chemistry  differs  from  inorganic  chemistry  in 
being  chiefly  concerned  with  compounds  produced  by  the 
arran^^ement  in  different  proportions  and  in  different  posi- 
tions of  the  elements  carbon,  hydrogen,  oxygen,  and  nitro- 
jj^cn,  tliou*.,^!  other  elements,  such  as  the  haloids,  etc.,  also 
frecjiiently  enter  into  their  composition. 

The  student's  attention  should  be  here  drawn  to  the  differ- 
ence existing  between  organic  coniponnds  and  organized 
bodies.  Organic  Ixxlies,  such  as  mansh  gas,  benzene,  alcohol. 
sugar,  morphine,  etc.,  are  deflnite  chemical  compounds; 
those  that  are  solids  can,  as  a  rule,  l>e  crystallized,  while 
those  that  are  li(|uids  exhibit  a  constant  boiling  point. 
Organized  bodies,  on  the  other  hand,  always  consist  of  mix- 
tures of  several  definite  compounds.    They  never  crystallize, 
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but  exhibit  a  fibrous  or  cellular  structure,  and  cannot  be 
reduced  to  the  liquid  or  gaseous  state  without  complete 
decomposition.  Lastly  they  are  organs,  or  parts  of  organs, 
which  are  essentially  products  of  vitality,  and  there  is  not 
the  slightest  prospect  of  their  ever  being  produced  by  arti- 
ficial means. 

The  study  of  the  composition  and  chemical  relations  of 
organized  bodies  belongs  to  a  special  department  of  the 
science,  called  Physiological  Chemistry,  and  will  not  be  con- 
sidered in  this  nor  the  following  Instruction  Papers. 

54.  A  useful  and  practical  distinction  between  organic 
and  inorganic  compounds  is  afforded  by  their  behavior  when 
heated.  An  organic  substance  is  either  converted  into  vapor 
when  moderately  heated,  or  is  decomposed  into  volatile 
products,  generally  leaving  a  residue  of  charcoal  that  bums 
away  when  heated  in  air. 

Upon  this  fact  is  based  the  so  called  ultunatc  organic 
analysis^  the  making  a  combustion^  as  it  is  technically  known, 
which  is  performed  in  order  to  ascertain  the  relative  propor- 
tions of  elements  composing  an  organic  compound. 

This  process  consists  in  burning  the  organic  compound  so 
as  to  convert  its  carbon  into  CO^  and  its  hydrogen  into  II ^0\ 
from  the  weight  of  these  comjx>unds  the  proportions  of  the 
two  elements  in  question  can  be  readily  obtained  by  simple 
calculations. 

A  complete  apparatus  used  for  the  purpose  of  making  a 
combustion  is  shown  in  Fig.  14. 

The  organic  substance  to  be  analyzed,  having  been  care- 
fully dried  beforehand  and  a  certain  amount — 5  grams,  for 
instance — of  it  weighed  out,  is  placed  in  a  small  boat-shaped 
tray  of  either  platinum  or  porcelain,  and  intnxluced  into  one 
end  of  the  combustion  tube  dc^  Fig.  14.  This  combustion 
tube  is  made  of  hard  German  or  Bohemian  glass,  about  30 
inches  long  and  f  to  f  of  an  inch  inside  diameter,  of  which 
about  24  inches  are  filled  with  small  pieces  of  thoroughly 
dried  cupric  oxide.  The  end  d  where  the  boat  is  placed,  is 
connected  with  an  apparatus  a  for  transmitting  oxygen  or 
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air,  which  has  been  purified  from 
CO,  by  passing  through  a  jar  b 
containing  potash,  and  from 
H,0  by  passicg  through  2  U 
tubes  c,  c  containing  calcuini 
chloride,  A  U  tube  ^  previously 
weighed  and  filled  with  small 
pieces  of  calcium  chloride,  to 
absorb  //,£?,  is  attached  to  the 
other  end  c  of  the  combustion 
tube.  To  this  U  tube  is  joined 
by  ashort  rubber  tubing,  a  bulb 
apparatus  h,  which  contains 
potash  to  absorb  CO,,  and  a 
small  guard  tube_/'  with  calcium 
chloride,  to  prevent  the  loss  of 
water  from  the  potash.  The 
combustion  tube  is  supported  in 
the  gas  furnace  f,  and  the  por- 
tion of  the  combustion  tube  that 
contains  the  O/C  is  heated  to 
redness.  The  end  containing 
the  boiit  is  then  gradually 
heated,  so  that  the  organic  sub- 
stance is  slowly  vaporized  or 
decomposed.  The  vapor  or  the 
products  of  the  decomposition 
in  passing  over  the  red-hot  cuprie 
oxide,  will  aeqiiire  the  oxygen 
r.eccssary  to  convert  the  C  into 
CCJ,  and  tl:e  //  into  Hfi,  and 
these  arc  absorbed  in  the  potash 
bulb  and  ealeiiim  chloride  tube. 
At  llic  end  of  the  process,  which 
usually  occupies  about  50  to  60 
minutes,  a  slow  strcajji  of  either 
pure  ail  or  oxygen  is  passed 
through,  while  the  entire  tube  is 
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red  hot,  in  order  to  bum  any  charcoal  that  may  remain  in  the 
boat,  and  carryforward  all  the  CO^  and  If^O  into  the  absorp- 
tion apparatus.  The  weight  of  the  CO^  is  given  by  the 
increase  in  weight  of  the  potash  bulbs  //,  and  that  of  the 
H^O  by  the  increase  in  weight  of  the  calcium  chloride  tube^'-. 

55.  In  some  cases  it  is  preferable  to  mix  the  substance 
to  be  analyzed  with  a  large  quantity  of  powdered  cupric 
oxide,  so  that  the  mixture  may  occupy  about  12  inches  of  an 
18-inch  tube  with  a  layer  of  3  inches  of  cupric  oxide  on  each 
end.  The  one  end  of  the  tube  is  then  often  drawn  out  and 
sealed,  the  point  being  broken  off  when  the  combustion  is 
finished,  and  a  slow  stream  of  air  drawn  through  it  by  gentle 
suction  at  the  opening  of  the  potash  bulbs.  In  case  of  sub- 
stances difficult  of  combustion,  the  cupric  oxide  is  usually 
replaced  by  lead  chromate  PbCrO^y  which  evolves  oxygen 
when  heated. 

56.  When  nitrogen  is  present  in  the  substance  it  may  \\q 
partly  converted  into  -V/?^,  which  would  increase  the  weight 
of  the  absorption  apparatus.  To  avoid  this,  \\  or  4  inches  of 
the  front  end  of  the  combustion  tube  are  filled  with  metallic 
copper,  which,  being  heated  to  redness,  absorbs  thj  O  from 
the  Nfi^y  leaving  N^  which  passes  through  thj  absorption 
apparatus  and  escapes.  When  it  is  desired  to  make  a  dctcr- 
vmiaiion  of  the  nitrogen  the  combustion  tube  is  arranged  in 
the  same  way,  but  the  absorption  apparatus  is  replaced  by  a 
bent  tube  to  allow  the  collection  of  the  gas  in  a  measured 
tube  filled  with  strong  potash.  Before  commencing  the 
combustion,  the  air  is  swept  out  of  the  tube  by  a  current  of 
pure  CO^^  which  is  continued  during  the  combustion,  and  is 
absorbed  by  the  potash,  the  nitrogen  being  collected  and 
measured.* 

Another  method  of  estimating  nitrogen  in  organic  com- 
pounds that  is  quite  frequently  employed,  consists  in  heating 
them  with  soda  lime,  when  the  A^  is  evolved  as  AV/^,  which  is 
absorbed  by  hydrochloric  acid  in  the  absorption  bulb  shown 
in  Fig.  15,  and  precipitated  by  platinic  chloride,  the  weiglU 
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of  N  being  calculated  from  that  of  /V C7^, 2 A^//^C/ obtained; 
or  the  N//^  is  absorbed  in  a  known  quantity  of  acid,  which 


Pig.  15. 

is  afterwards  titrated  with  a  normal  alkaline  standard  solu- 
tion, and  the  ([uantity  that  has  been  neutralized  by  the 
evolved  ammonia  is  thus  determined. 

57.  Sulphur  and  phosphorus  are  estimated  in  organic 
compounds  by  converting  them  into  sulphuric  and  phosphoric 
acids,  respectively,  by  the  action  of  oxidizing  agents  (nitric 
acid,  bromine,  etc.)  and  determining  those  acids  by  the  usual 
methods.  The  halogens  are  determined  by  oxidizing  the 
substance  by  heating  with  IfXL\  under  pressure,  whereby 
the  halogen  is  converted  into  its  hydrogen  compound  and 
may  be  precipitated  by  .IgXO^  and  weiglied  as  silver  halide. 

58.  DottM'iulnatloii  of  Oxygen. — The    proportion   of 

oxvgcn  in  an  organic  compound  is  mostly  determined  by 
dilTcrencc;  that  means,  l)y  deducting  the  sum  of  the  weights 
of  all  the  other  elements  from  the  original  weight  of  the 
substance. 

As  an  example  of  the  general  ]'>rocee(lings  of  an  ultimate- 
analysis  of  an  organic  compound  and  the  calculations  con- 
nected with  it,  that  of  alcohol  is  given  below. 

(Volatile  substances,  such  as  alcohol,  ether,  etc.,  are 
weighed  in  a  small  glass  bulb  with  a  thin  stem,  the  end  of 
which  is  sealed  for  weighing,  and  broken  off  when  the  bulb 
is  introduced  into  the  combustion  tube.) 
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.5  gram  of  alcohol  burned  with  ciipric  oxide  ^ave  .95G5 
gram  CO^  and  .5869  gram  Hfi, 

Since  44  grams  of  CO^  contain  12  grams  of  C,  ^|  of  .9565, 
or  .2608,  is  the  weight  of  Cfomid. 

Since  18  grams  of  H^O  contain  2  grams  of  //,  ^y  of  .5869, 
or  .0652,  is  the  weight  of  //"found. 

The  sum  of  the  weights  of  C+ iV  =  .2608  +  .0652 
=  .3260.  Deducting  this  from  .5  gram  alcohol  (original 
weight),  we  have  0.174  gram  of  O, 

So  that  .5  gram  of  alcohol  contains  .2608  gram  C^ 
.0652  gram  //",  and  .174  gram  0\  or,  as  the  report  of  the 
analysis  would  be  written,  52.16  percent,  of  carbon,  13.04 
per  cent,  of  hydrogen,  and  34.80  per  cent,  of  oxygen. 

The  result  of  such  an  analysis  is,  as  a  rule,  expressed  in 
an  empirical  formula,  which  may  be  defined  as  a  formula 
denoting  the  relative  numbers  of  atoms  of  the  elements  con- 
tained in  the  compound. 


CALCUT^ATIOX  OP  FORMULAS. 

59.  Deduction  of  the  Empirical  Forimila  From  the 
Percentagre  Comxx>8ltIon. — The  simplest  way  to  deduce 
the  empirical  formula  of  a  compound  from  its  percentage 
composition  consists  in  dividing  the  percentage  of  each  ele- 
ment by  its  atomic  weight,  and  expressing  the  resulting 
quotient  in  the  ratio  of  its  lowest  terms,  thus: 

52.16  divided  by  12,  atomic  weight  of  carbon  =  4.:}4 
13.04  divided  by  1,  atomic  weight  of  hydrogen  —  13.04 
34.80  divided  by  16,  atomic  weight  of  oxygen    =     2.17 

If  the  ratio  4.34  :  13.04  :  2.17  is  expressed  in  its  lowest 
terms  it  becomes  2:6:1,  giving  the  empirical  formula 
C,H,0. 

In  some  cases  the  result  of  such  division  is  that  one  quo- 
tient contains  .5,  or  .33,  etc.,  i,  e.,  one  atom  of  an  element 
to  a  proportion  of  1.5,  etc.  of  another;  the  number  of  atoms 
in  the  molecule  is  then  obtained  by  multiplying  every  num- 
ber,  so  as  to  obtain  the  lowest  ratio  in  figures  without 
fractions. 
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It  remains  now  to  determine  whether  this  formula  is  a  true 
representation  of  the  alcohol  molecule,  or  whether  the  mole- 
cule should  be  written  C^H^fi^  or  CJi^^O^,  or  in  any  other 
form  that  will  preserve  the  ratio  established  beyond  doubt 
by  the  above  analysis. 

To  do  this  we  must  deduce  the  molecular  formula  from  the 
empirical  formula. 

A  molecular  formula  may  be  defined  as  a  forjnula  denoting 
the  absolute  number  of  atoms  in  one  molecule, 

60.  Deduction  of  the  Molecular  Formula  of  a  Com- 
pound From  Its  Fmplrlcal  Formula. — In  order  to  deduce 
the  molecular  formula  of  a  compound  from  its  empirical 
formula,  it  is  necessary  to  determine  the  molecular  weight  of 
the  compound,  for  it  is  evident  that  the  formula  C^Hfi 
represents  2  atoms  of  C' weighing  12  X  2,  G  atoms  of  //  weigh- 
ing G  X  1,  and  1  atom  of  O  weighing  IG ;  46,  the  sum  of  these 
numbers,  would  bs  the  weight  of  a  molecule  of  alcohol 
represented  by  CJf^O,  whereas  the  formula  CJIJD^  would 
express  4G  X  2  parts  by  weight,  C^H^fi^  would  represent 
•iG  X  3  parts  by  weight  of  alcohol,  etc. 

The  method  of  determining  the  molecular  weight  of  a 
volatile  compound  has  been  described  in  Art.  12,  Inorganic 
Chemistry,  Part  3,  and  in  Art.  4  of  this  Paper. 

In  the  case  of  a  substance  that  cannot  be  converted  into 
vapor  without  suffering  decomposition,  the  molecular  weight 
is  determined  by  the  cryoscopic  method  (see  Art.  49),  or  is 
inferred  from  a  consideration  of  the  chemical  relations  of  the 
substance,  and  its  determination  then  very  often  becomes  a 
rather  difficult  and  complicated  matter.  The  general  char- 
acter of  this  latter  method  will  be  seen  and  readily  under- 
stood from  the  following  examples. 

61.  I>etornii nation  of  the  Molecular  Formula  of  an 
Acid. — An  acid  that  was  submitted  to  ultimate  analysis 
yielded  on  combustion  with  cupric  oxide,  in  100  parts,  40  per 
cent,  of  carbon.  G.OG  per  cent,  of  hydrogen,  and  53.33  per 
cent,  of  oxygen;  the  empirical  formula  of  the  substance 
consequently  was  CH.,0. 
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The  acid  was  found  to  give  only  one  class  of  salts  with  K 
and  Na^  showing  that  it  only  contained  one  atom  of  H 
replaceable  by  a  metal,  or  that  it  was  monobasic. 

By  neutralizing  the  acid  with  ammonia  and  stirring  with  a 
solution  of  silver  nitrate,  a  crystalline  silver  salt  was  obtained 
that  was  purified  by  recrystallization  from  hot  water,  dried, 
weighed  in  a  porcelain  crucible  of  known  weight,  and  grad- 
ually heated  to  redness.  On  again  weighing  the  crucible 
after  cooling,  it  was  found  to  contain  a  quantity  of  metallic 
silver  amounting  to  64. 66  per  cent,  of  the  weight  of  the  salt 
Now,  generally  a  silver  salt  is  formed  from  an  acid  by  dis- 
placement of  an  atom  of  hydrogen  by  an  atom  of  silver;  so 
that  what  remains  of  the  silver  salt,  after  deducting  the  sil- 
ver, represents  the  acid  itself,  minus  a  quantity  of  hydrogen 
equivalent  to  the  silver. 

From  the  silver  salt 100.00 

Deduct  the  silver 04.06 

Acid  residue 35.34 

Then, 

,    -     .  ,      ,  (  acid    resi- 

i^AMAg  :  108     ^'^/"  °"f  "'"^,^-     =  :].5.:?4  :  r><^    due  in  one 

(   cule  of  the  salt   )  /        ,       , 

\  molecule 

To  the  acid  residue 50 

Add  the  hydrogen  equivalent  t )  1  atom  of  A^i^, .     1 

Molecular  weight  of  the  acid i\0 

The  formula  CH^O  represents  VZ -\- 'I -\- \i\  =  M),  but  as 
the  molecular  weight  is  60,  the  molecular  formula  of  the  acid 
must  be  C^Hfi^  and  that  of  the  salt  CJI^AgO^. 

63,  Determination  of  the  Molecular  P'ormiila  of  an 
Organic  Base. — The  substance  yielded  on  c()m])ustion  with 
cupric  oxide,  in  100  parts,  77.42  ix?r  cent,  of  carbon,  7.53 
percent,  of  hydrogen;  a  determination  of  nitro|:^cn  showed 
15.05  per  cent,  of  this  element,  so  that  there  was  no  oxygen. 
These  numbers  lead  to  CJI^N  as  the  empirical  formula  of 
the  base.     By  dissolving  the  base  in  hydrochloric  acid  and 
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adding  platinic  chloride,  a  yellow  crystalline  precipitate  was 
obtained,  resembling  the  ammonio-platinic  chloride  formed 
when  ammonia  is  treated  the  same  way.  This  precipitate 
was  washed  with  alcohol,  dried,  weighed  in  a  porcelain  cru- 
cible, and  heated  to  redness,  when  it  left  a  residue  of  metallic 
platinum  which  amounted  to  32. 72  percent,  of  the  weight  of 
the  salt  As  a  general  rule,  a  platinum  chloride  salt  is 
formed  by  the  combination  of  PtCl^  with  two  molecules  of 
the  hydrochloride  of  the  base;  in  the  case  of  the  ammonio- 
platinic  chloride,  the  formula  is  fiC/^,2N//^C/;  so  that  what 
remains  of  a  platinum  salt  after  deducting  the  platinum 
represents  2  molecules  of  the  base  +  2  molecules  of  HCl-\-  4 
atoms  of  CL 

From  the  platinum  salt 100.00 

Deduct  the  metallic  platinum  obtained.     32.72 

Remainder 67.28 

Then, 

?n,^2Pt  :  195  j  ^V"  T.r\  \  =  67-^^8  :  400.9 

(  culc  of  the  salt  ) 

Deduct  inCl-\-  a^ =  215.0 

Wei<^htof  2  molecules  of  the  base  =  185.9 

The  molecular  weight  of  the  base,  therefore,  is  92.9.  The 
formula  r//,.V  represents  7^^  +  7  +  14  =  03.  This  is,  there- 
fore, the  molecular  formula. 

03.  The  law  of  even  numbers  is  sometimes  a  useful 
jifuide  in  fixinjjf  molecular  formulas.  Since  carbon  behaves 
as  a  cjuadrivalent  element,  the  atom-fixing"  power  of  any 
♦[ifroup  of  carbon  atoms  must  be  represented  by  an  even 
number.  Thus,  a  single  carbon  atom  would  be  O",  indi- 
cating its  power  of  attaching-  to  itself  4  atoms  of  hydrogen. 
A  chain  of  2  carbon  atoms  would  be  C/\  if  the  2  atoms 
were  singly  linked  or  united  by  one  atom-fi.xing  power 
belonging  to  each,  l)ecause  the  total  number  of  the  bonds 
of  2  separate  (inadrivalent  carbon  atoms  would  be  4  +  4, 
and    if   one   bond    of   each   is    employed    in    linking    them 
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together,  the  atom-fixing  power  of  the  chain  would  be 
(4-l)  +  (4-l)  =  6. 

If  the  2  atoms  were  doubly  linked,  or  united  by  2  bonds 
belonging  to  each,  the  atom-fixing  power  of  the  chain  would 
be  (4  —  2)  +  (4  —  2)  =  4,  expressed  by  C^\ 

Again,  if  the  atom  were  trebly  linked,  the  atom-fixing 
Xx>wer  would  be  (4  —  3) -f  (4  — 3)  =  2,  expressed  by  C/. 

So  it  is  evident  that  each  atom  of  carbon  added  to  the 
chain  can  only  increase  the  atom-fixing  power  of  the  chain 
itself  by  2,  for,  although  the  added  atom  of  carbon  has  an 
atom-fixing  power  of  4,  one  of  these  must  be  used  up  in 
attaching  it  to  the  chain,  and  one  of  the  atom-fixing  powers 
of  the  chain  must  be  used  up  in  attaching  the  chain  to  the 
added  carbon  atom. 

From  these  considerations  it  follows  that  the  total  number 
of  atoms  of  univalent  or  trwalent  elements  united  icith  earbon 
in  an  organic  compound  must  be  an  even  number,  because  the 
atom-fixing  power  of  the  chain  is  always  a  multiple  of  2,  and 
no  odd  number  of  univalent  or  trivalcnt  elements  could 
satisfy  such  an  atom-fixing  power. 

Example. — Ultimate  analysis  shows  CH^O  to  be  the  empirical  for- 
mula for  glycol,  which,  however,  is  evidently  an  imjwssible  formula, 
since  the  atom-fixing  powers  are  4  belonging  to  the  carbon,  I]  belonging 
to  the  hydrogen,  and  2  belonging  to  the  oxygen.  The  molecular  for- 
mula of  glycol  is  C%ll%0%  where  the  hydrogen  atoms  are  an  even  number, 
the  2  carbon  atoms  being  singly  linked,  G*'',  4  of  the  0  otherwise 
available  atom-fixing  powers  being  used  for  the  attachment  of  4  of  the 
hydrogen  atoms,  and  the  other  two  for  each  of  the  oxygen  atoms,  the 
second  atom-fixing  p)ower  of  each  (diad)  oxygen  atom  being  used  for 
the  attachment  of  the  remaining  hydrogen  atoms. 

64.  The  ultimate  analysis  of  an  organic  compoimd  serves, 
as  we  have  seen,  to  decide  its  empirical  formula,  from  which, 
after  determining,  in  some  way  or  other,  the  molecular 
weight  of  the  compound  in  question,  the  molecular  formula 
is  readily  derived.  We  have,  however,  in  organic  cliemistry 
especially,  to  consider  also  the  rational,  or  structural,  formula ; 
this  formula  may  be  defined  as  a  formula  denoting  the  mode 
of  arrangement  of  the  atoms  in  the  molecule ;  Ixicause  with 
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this  aid  we  are  able  to  trace  the  existence  of  compound 
radicals  (sec  Art.  6!3,  Theoretical  Chemistry)^  which  play  an 
important  part  in  the  formation  of  organic  compounds. 
Furthermore  it  becomes  necessary  to  provide  some  working 
hypothesis  that  will  account  for  the  fact  that  many  sub- 
stances exist,  which,  though  they  have  the  same  ultimate 
composition  and  the  same  molecular  formula,  possess  differ- 
ent properties ;  such  cases  are  included  under  the  term 
isomerism^  which  will  shortly  receive  close  attention.  The 
necessar}'  hypothesis  is  supplied  by  supposing  the  atoms 
in  the  compound  to  be  linked  together  by  bonds  in  such 
a  way  that  tliis  linkage  can  be  represented  by  a  graphic 
formula. 

For  example,  to  determine  the  rational  or  structural 
formula  for  alcohol :  When  sodium  is  placed  in  alcohol,  it  is 
dissolved  with  the  evolution  of  hydrogen,  and  the  alcohol  is 
converted  into  a  crystalline  substance  known  as  sodium  etJiyl 
or  ciJiylalc^  having  the  composition  CJiJDNa.  Comparing 
this  with  the  formula  of  alcohol,  it  is  seen  that  one  atom  of 
//  has  been  replaced  by  Xa,  Since  the  compound  still  con- 
tains //.,  it  might  be  supposed  that  by  the  use  of  an  excess 
of  Na  still  more  //might  l)e  replaced,  producing  ultimately 
a  compound  C„Xa^O.  This,  however,  is  not  the  case  ;  only 
one  of  the  six  atoms  of  hydrogen  in  alcohol  can  be  replaced 
by  Nil  in  this  way;  hence,  it  is  seen  that  one  atom  of  the  six 
is  on  a  dilTerent  footing  from  the  other  five.  This  would  be 
expressed  by  writing  the  formula  for  alcohol  C^HJDH. 
Again,  wlien  alcohol  is  acted  on  by  hydrochloric-acid  gas, 
and  distilled  at  a  low  temperature,  it  yields  water  and  a  very 
volatile  licjuid,  known  as  ctJiyl  chloride,  having  the  compo- 
sition CJ[,CL  This  decomposition  would  be  expressed  by 
the  equation: 

CJl^pll+IfCl  =  CjrCl+HOH 

from  which  it  is  evident  that  the  C'l  of  the  HCl  has  been 
exchanged  for  OH  in  the  alcohol,  leading  to  the  conclusion 
that  alcohol  is  made  up  of  at  least  two  separate  groups,  and 
that  one  wav  ot  writing"  its  rational  fornnili  is  CJI^H, 
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OKGAJSnC  COMPOUNDS. 


CliASSIFICATION  OF  ORGANIC  COMPOUNDS. 

65.  By  investigating  the  nature  of  the  compound  radi- 
cals contained  in  an  organic  substance,  this  may  generally  be 
assigned  to  one  of  the  subsequent  divisions: 

1.  Hydrocarbons  9.  Ammonia  derivatives 

2.  Alcohols  10.  Cyanogen  compounds 

3.  Aldehydes  11.  Phenols 

4.  Acids  12.  Quinones 

5.  Ketones  13.  Organo-mineral  compounds 
G.  Ethers  14.   Carbohydrates 

7.  Haloid  compounds       15.  Glucosides 

8.  Ethereal  salts  16.   Albuminoids  or  gelatinoids 

66.  1.  Hydrocarbons  arc  composed  of  carbon  and  hydro- 
gen only,  in  various  modes  of  grouping,  and  they  constitute 
the  most  extensive  class  of  organic  compounds  ;  of  which 
6'j//^//,  ethyl  hydride  or  ethane,  heptane  6^,//,„anddimyricyl 

^eo^iia  ^^^  examples. 

Hydrocarbons  from  which  hydrogen  has  been  removed  give 
rise  to  hydrocarbon  radicals;  thus,  C^H^  is  the  hydrocarbon 
radical  ethyl,  from  ethane  ;  like  all  other  compound  radicals, 
they  are  incapable  of  existing  in  the  free  state.  Since  in 
chemical  relations  the  hydrocarbon  radicals  behave  towards 
other  radicals  analogously  to  the  manner  in  which  the  metals 
behave  towards  the  non-metals,  they  are  frequently  termed 
positive  radicals,  while  other  compound  radicals,  such  as 
OH,  CO  OH,  etc.,  are  termed  negative, 

2.  Alcohols  are  compounds  of  carbon,  hydrogen,  and 
oxygen,  constructed  on  the  model  of  water,  in  which  half 
of  the  hydrogen  is  replaced  by  a  compound  radical,  which  is 
generally  composed  of  carbon  and  hydrogen. 

Thus,  methyl  alcohol  is  H^C-OH,  or  methyl  hydrate,  and 
may  be  considered  as  water  in  which  one  atom  of  H  is 
replaced  by  the  compound  radical  H^O"  (methyl). 
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The  group  or  radical  OH  is  termed  hydroxyl,  and  is 
evidently  univalent,  because  one  of  the  two  bonds  of  the 
divalent  oxygen  is  satisfied  by  the  univalent  hydrogen  atom, 
thus,  // — O — ,  leaving  one  bond  available  for  the  attachment 
of  another  element  or  group. 

Methyl  alcohol  If^COH  is  derived  from  methyl  hydride 
If^C'H  by  the  substitution  of  hydroxyl  HO  for  hydrogen. 
This  substitution  is  effected  by  two  o^x^rations,  as  is  seen 
from  the  following  equations  : 

(1)  H,CH+  r/,  =  if^ca+Hci 

methyl  methyl 

hydride  chloride 

(2)  ///Y  y  +  KOH  =  KCl  +  //,  C-  Off 

ix)tassium  methyl 

hydrate  alcohol 

3.  The  aldehydes^  or  dehydrogenized  alcohols,  are  prod- 
ucts of  oxidation  of  the  alcohols,  whereby  hydrogen  has 
been  removed.     Thus, 

II  C'  0H+  o  =  //;/?+  H^CO 

methyl 
aldeliyde 

In  the  methvl  aldclivde,  two  bonds  of  the  carbon  atom  a:  c 
united  to  the  bivalent  oxygen  atom,  and  the  other  two  bonds 

to  the  two  hydrogen  atoms;  thus.        yC^^'-'O". 

4.  The  iii'itfs  result  from  a  furtlxT  oxidation  of  the 
alcohols,  by  which  not  only  is  hydrogen  removed,  but  oxygen 
])laccd  into  tb.c  vacancy  tluis  created,  as  is  seen  from  the 
following  c(|ualion: 

Il^C'OIf+O.^  =  IfX)+(h<^^^^^ 

formic 
acid 

The  organic^  acids  coTU<iin  the  group  (H-0//,  known  as 
idrboxj'I i)V  oxdtyl.    This  ^ji^Xi  )up  is  monovalent,  as  is  seen  from 

OH 

the  following  graphiccd  representation  O  =  C'^        .      Two  of 
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the  bonds  of  the  quadrivalent  carbon  arc  satisfied  by  the 
bivalent  oxygen,  a  third  by  the  univalent  group  (0H)\  thus 
leaving  the  fourth  bond  free  for  the  attachment  of  another 
element  or  compound  radical. 

5.  The  ketones  are  derived  from  the  acids  by  the  substi- 
tution of  a  hydrocarbon  radical  for  hydroxyl. 

^     .•        -J  ^r-^OH         acetic  ketone    ,^,X^L 
Acetic  acid  6' C<^, .,  ,  ,       OC<..rr 

C  H^  (acetone)  C//, 

Hence  the  ketones  contain  the  bivalent  group  carbonyl 
OCy  combined  with  two  hvdrocarbon  radicals. 

(5.     The  ethers  are  derived  from  the  alcohols  bv  the  sub- 

stitution   of  a  compound  radical  for  the  hydrogen  in   the 

hydroxyl  group. 

For  instance: 

Methyl  alcohol,  H^C-OH 

Methyl  ether,  H^C-O-CH^ 

One  method  of  converting  an  alcohol  into  an  ether  is 
shown  in  the  following  equations: 

( 1 )  7/3  6^  (?//+  Na  =  I/^C-  OXa  +  H 

mctliyl  sodium 

hydrate  niolhylatc 

(2)  //,  C-  ONa  +  //,  Cr  =  Na  I  +  II,  C  O  ■  CII, 

methyl  methyl 

iodide  ether 


r 


7.  Haloid   compounds   are    formed    from    the    foregoing 
groups  by  the  substitution  of  a  halogen   radical  for  either 
hydrogen  or  hydroxyl. 

8.  Ethereal  salts  (or  esters)  are  formed  from  the  acids  by 
the  substitution  of  a  hydrocarbon  radical  for  the  hydrogen 
in  the  carboxyl  radical  CO^H. 

9.  The  ammonia  derivatives  are  formed  from  ammonia 
by  the  substitution  of  a  compound  radical  for  hydrogen;  for 
instance,  ammonia  NH^,  methylamine  AV/^-tV/,,  dimethyl- 
amine  NH:{CH^^,  trimethylamine  N ■  {CH^)^. 

10.  Cyanogen  compounds  are  those  that  contain  the 
radical  CN\  which  is  univalent,  because  only  three  bonds 
of  the   quadrivalent  carbon   are  satisfied  by   the  trivalent 
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nitrogen;  H-CN^  hydrocyanic  acid,  is  an  example  of  this 
class  of  compounds. 

11.  Phenols  resemble  the  alcohols  in  composition  by  con- 
taining the  hydroxyl  group,  but  also  resemble  the  acids  in 
some  of  their  properties,  but  do  not  yield  aldehydes  when 
partially  oxidized. 

12.  Quinones  are  formed  from  hydrocarbons  by  the 
substitution  of  a  group  of  two  oxygen  atoms  for  two  hydro- 
gen atoms;  as,  for  instance,  quinone  CJJj^O^^  which  is 
obtained  from  benzene  C.//.. 

13.  Organo- mineral  compounds  are  formed  upon  the  type 
of  the  chlorides  of  metals  or  non-metals,  by  the  substitution 
of  hydrocarbon  radicals  for  the  chlorine;  as,  for  instance, 
zinc  ethide  Zn{C^H^^. 

In  cases  where  sufficient  evidence  has  not  been  obtained 
as  to  the  rational  formulas  of  compounds,  they  are  classified 
according  to  their  similarity  in  properties,  or  in  ultimate 
composition,  or  in  products  of  decomposition.  The  follow- 
ing are  the  most  important  of  such  classes; 

14.  Carbohydrates,  or  compounds  that  contain  six,  or 
some  multiple  of  six,  atoms  of  carbon,  together  with  some 
multiple  of  the  group  H^0\  as,  for  instance,  starch  C^H^fi^y 
glucose  C^H^p^,  sugar  CJI^fi^^,  etc. 

15.  Glucosidcs,  or  compounds  that  yield  glucose  as  one 
of  their  products  of  decomposition. 

10.  A  llni minoids  ^n(}i  gciatinoidSy  or  compounds  contain- 
ing C,  //,  iV,  and  Oy  often  with  small  quantities  of  5"  and 
sometimes  of  P,  distinguished  by  their  tendency  to  putrefy 
when  moist;  of  such,  albumin,  fibrin,  and  casein  are 
examples. 


nTBEOCARBOXS. 

67.  One  of  the  characteristic  properties  of  carbon,  to 
which  the  attention  of  the  student  has  not  yet  been  drawn, 
is  its  capability  of  combining  with  itself.  While  studying 
inorganic  compounds,  the  student  has  met  with  compounds 
that  contain  as  many  as  G  atoms  of  one  element  alone  in  one 
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molecule  of  the  compound.  Among  the  carbon  compounds, 
however,  6  atoms  of  carbon  is  quite  a  common  occurrence,  and 
the  molecular  formulas  that  are  assigned  to  many  organic 
compounds  contain  a  considerably  greater  number  of  carbon 
atoms  than  six.  It  is  this  property  of  carbon  that  gives 
rise  to  the  existence  of  a  much  larger  number  of  compounds 
of  this  element  than  of  any  other  element  known. 


SATURATED  IIYDROCAIIBONS. 


PARAFFIN  SERIES  OF  IIYDROOARRONS. 

68.  Only  one  hydrocarbon,  containing  but  1  atom  of 
Cy  is  known ;  namely,  viarsh  gas^  or  victJiant\  CH^^  the  chief 
properties  of  which  have  been  treated  upon  in  Art.  104, 
Inorganic  Cheviistry^  Part  2. 

We  have  further  seen  that  when  CH^  undergoes  metalepsis 
with  chlorine,  one  of  its  //  atoms  is  replaced  by  C7,  the 
compoimd  CH^Cl  being  produced  (see  Art.  47,  Inorganic 
Chemistry^  Part  1).  Although  there  are  various  ways  of 
producing  a  compound  of  this  formula,  the  product  obtained 
always  possesses  the  same  properties,  which  decisively  shows 
that  only  one  compound  of  the  formula  CH^Cl  is  in  exist- 
ence. It  is  contrary  to  experience  acquired  in  other  cases 
to  suppose  that  all  the  methods  of  producing  CH^Cl  would 
result  in  the  displacement  of  the  same  //  atom,  and  it  may 
rightly  be  assumed  that  while  the  product  of  one  method  is 
CHHHCl,  that  of  the  second  may  be  CHHCIII,  that  of  the 
third  CHCIHH,  and  that  of  a  fourth  CCIHIIH.  But  all 
these  compounds  are  found  to  be  one  and  the  same  substance. 
It  is  consequently  assumed  that  the  four  //atoms  in  methane 
have  an  equal  position  with  regard  to  the  carbon  atom,  so 
that  whichever  is  replaced,  the  center  of  gravity  of  the 
molecule  will  remain  the  same. 

In  order  to  explain  this  equality  of  position  of  the  hydro- 
gen atoms  in  relation  to  the  carbon  atom,  these  hydrogen 
atoms  are  represented  as  being  symmetrically    arranged 
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around  the  central  carbon  atom  (sec  Fig.  lO).     It  is  evident 
from  this  graphical  representation  that,  whichevci* 
I  //  atom  is  replaced  by  the  C/  atom,  the  figure  has 

n^c-^n   QQjy  to  be  turned  round  in  order  to  appear  the 
n         same. 
FiG.iG.  Graphically,  the  atoms  are  necessarily  shown 

on  the  same  plane,  but  it  is  not  supposed  that  this  represents 
their  true  arrangement  in  the  molecule,  and  although  we 
have  at  present  no  siitisfactory  knowledge  of  the  shapes  of 
molecules,  we  arc  obliged  to  think  of  them  as  having  three 
dimensions.  The  most  fruitful  hypothesis  as  to  the  struc- 
ture of  the  methane  molecule  is  that  the  carbon  atom 
occupies  the  center  of  a  regular  tetrahedron,  the  hydrogen 
atoms  being  attached  to  the  four  angles  thereof. 

As  methane  has  the  formula  6V/^,  which  is  graphically 
expressed  as  shown  in  Fig.  IC,  it  must  necessarily  be 
regarded  as  a  saturated  coinponud^  devoid  of  any  residual 
aflinity  such  as  would  be  possessed,  for  instance,  by  a  com- 
pound having  the  formula  CO,  In  the  case  of  all  other 
hydrocarbons  it  is  assumed  that  the  carbon  atoms  are 
directly  united  together,  since  it  does  not  appear  to  be 
possible  for  //to  act  in  any  other  way  than  as  a  monad,  so 
tluit  there  cannot  be  any  reason  to  assume  that  it  acts  as 
an  intermediary,  and  a  compoimd  graphically  expressed 
C — // — C  would  1)0  an  impossibility.  Of  those  hydro- 
carbons tliat  have  two  carbon  atoms,  or  as  it  is  sometimes 
cx])rcsscd,  a  two-carbon  nucleus,  there  are  at  least  three,  of 
which  two,  ctJiyloic  CJf^  (see  Arts.  \{Mi—WO^  Inorganic 
CJicmistry,  Part  X^),  and  acetylene  CJL^  (see  Arts.  Ill  and 
11'^,  Inor^i^anic  Chemistry,  Part  *2),  have  been  already 
treated  upon  and  will  be  referred  to  again.  The  thinl, 
whieli  has  the   formula  CJI^  and   which,   in  n    n 

general,  is  graphically  re]:)rescnted  as  shown  |      | 

in  Fig.  17,  but  which  is  equally  well  written  ^  |  ""  j  ~^ 
H^C'CIf.,,  is  known  as  ethane,  ^    ^ 

The  evidence  for  this  formula  is  of  a  similar 
character  to  that  for  tlic  methane  formula,  only  one  com- 
pound, namely   CJI.Cl,  being  obtainable.       It  two  regular 
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tetrahedrons  are  placed  with  one  solid  angle  of  each  in 
contact,  a  two-carbon  nucleus  will  be  represented,  in  which 
each  carbon  is  the  center  of  a  tetrahedron,  the  six  //  atoms 
being  at  the  remaining  three  angles  of  each  tetrahedron  (sec 
Fig.  26). 

69.  Owing  to  the  fact  that  all  the  bonds  of  the  two 
carbon  atoms  of  ethane  are  linked,  this  compoimd  is  also 
necessarily  considered  a  saturated  hydrocarbon.  Turning 
our  attention  to  the  next  group — that  is,  to  those  compounds 
that  contain  three  carbon  atoms,  or  a  thrcc-carbon  nucleus — 
we  find  that  the  saturated  compound,  i.  c,  the  compound 
that  contains  the  highest  number  of  hydrogen  atoms,  is 
Cj//^,  QSiWed propane,  and  is  reprCvSented  as  shown  m  Fig.  IS, 
or  more  simply  as  CH^'CH^'CII^, 

The  evidence  of  this  formula  is  derived  from  the  methods 

by  which  propane  is  prepared,  and  will  be  u  n  n 

more    fully  appreciated   when    these    are           I  I  I 

described  in  the  future  articles.  The  reason-           |  |  | 

mg  applied  to  methane  will  not  serve  in  H  B  ii 

this  case,  for  two  compounds  of  the  formula  * 
C^H^Cl ore  known,  as  will  be  explained  later. 

70.  A  comparison  of  these  three  hydrocarbons  will  show 
that  ethane  may  be  regarded  as  derived  from  methane,  and 
propane  from  ethane,  by  substituting  Cff.^  for  //.  By  con- 
tinuing this  process  a  whole  series  of  hydrocarbons  is  obtained, 
each  of  which  is  saturated  and  differs  from  the  one  prece- 
ding it  by  CH^,  Thus,  butane,  the  next  member  of  the  series, 
is  CH.'CH^'CH^^CH^,  pcntane  is  Cn.^'CIf.^'CII.^'Cn,^'CIf^, 
and  so  on.  Any  series  of  carbon  compounds,  each  member 
of  which  differs  from  the  one  preceding  it  l)y  a  constant 
quantity,  as  C//,,  is  called  an  honi'ologous  scries,  and  the 
compounds  are  homologues  of  each  other. 

A  little  consideration  will  readilv  show  that  in  the  homol- 
ogous  series  in  question,  the  number  of  hydrogen  atoms 
must  always  exceed  twice  the  number  of  carbon  atoms  by  2, 
a  fact  which  may  be  expressed  by  the  general  formula  for 
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the  series,  C»//,^  +  „  and  as  every  terminal  carbon  atom  has, 
as  we  have  previously  seen,  3  hydrogen  atoms  attached  to 
it,  the  general  formula  C^H^^^^  may  be  extended  to 
H^C'C^H^^'CH^,  It  has  been  already  mentioned  that 
hydrocarbons  that  conform  to  this  general  formula  are 
termed  saturated^  because  they  cannot  possess  any  free 
affinities  by  which  other  elements  can  attach  themselves  to 
the  molecule.  The  term  **saturated*'  is  not  merely  a 
theoretical  or  speculative  one — it  is  a  term  derived  from  and 
based  on  actual  experience,  as  it  has  l)een  found  that  it  is 
entirely  impossible  to  produce  a  new  compound  from  any  of 
these  hydrocarbons  except  by  substitution.  No  chlorine 
compound,  for  instance,  can  be  obtained  from  methane, 
except  by  substituting  one  or  more  chlorine  atoms  for  one  or 
more  //  atoms. 

On  account  of  this  inactivity  the  series  has  been  called  the 
paraffin  series  of  hydrocarbons ;  the  name  paraffin  is  derived 
from  the  Latin  words  parum^  meaning  **  little,"  and  affinis, 
meaning  **  affinity,"  and  was  originally  bestowed  on  the 
wax-hkc  substance  obtained  in  the  distillation  of  coal  and 
peat,  because  of  its  resistance  to  chemical  reagents,  and  this 
sohd  was  subsequently  shown  to  consist  mainly  of  saturated 
hydrocarbons. 

The  paraffin  hydrocarbons  may  be  regarded  as  the  hydrides 
of  positive  radicals  of  the  general  formula  C^H^^j^^y  the  for- 
mula for  the  hydrocarbons  being  CnH^^^^H,  These  radi- 
cals have  been  termed  alky  I  radicals^  and  they  are  necessarily 
monovalent.  They  are  designated  similarly  to  the  hydro- 
carbons, which  constitute  their  hydrides,  the  suffix  yl  being 
substituted  for  a?te, 

71.  The  natural  source  of  the  paraffin  hydrocarbons  is 
the  mineral  product  known  7\.<,  petroleum^  rock  oily  or  naphtha^ 
w^hich  is  found  native  in  nearly  all  countries.  It  should,  how- 
ever, be  mentioned,  that  the  Russian  petroleum  consists 
largely  of  hydrocarbons  (naphthenes)  belonging  to  the  aro- 
matic series,  while  that  of  Pennsylvania  consists  almost 
exclusively  of  a  mixture  of  paraffin  hydrocarbons. 
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The  oil  wells  of  Pennsylvania  evolve  large  volumes  of  a 
gas  mixture  consisting  of  //,  CH^^  and  C,//,  (ethane),  which 
are  frequently  used  for  lighting  as  well  as  heating  purposes 
in  the  surrounding  districts.  The  liquid  pumped  out  of  the 
well  still  retains  a  considerable  quantity  of  ethane  in  solu- 
tion, and  consists  chiefly  of  members  of  the  paraffin  series, 
of  which  a  list  is  given  below  in  Table  8. 


TABLE  8. 


Name. 


Methane  . .  . 

Ethane 

Propane. .  . . 
Butane 

Pentane. . . . 
Hexane  . . . . 


Compo- 

Charac- 

sition. 

teristic. 

CH, 

Gas 

CM, 

Gas 

CM 

Gas 

CM» 

Gas 

Boils  at 

CM,, 

30° 

CM,. 

iVr 

Name. 

Compo- 
sition. 

Heptane  . .  . 

cjf„ 

Octane 

CM,, 

Nonane  .... 

cjf,. 

Decane 

CJK. 

Dodecanc  . . 

CJK, 

Hexadcamc 

c,M., 

Charac- 
teristic. 

Boils  at 
08^ 
125° 
149° 
173° 
214° 
287° 


The  liquid  constituents  of  the  petroleum  are  separated  by 
the  process  known  2i'&  fractional  distillation^  which  depends 
on  the  difference  in  their  boiling  points. 

When  the  petroleum  is  heated,  the  hydrocarbons  ethane, 
propane,  and  butane  are  evolved  in  the  gaseous  state ;  these 
are  collected  and  subjected  to  the  action  of  a  condensing 
pump,  which  liquefies  a  portion  of  them,  yielding  the  liquid 
sold  as  cymogene^  which  has  a  specific  gravnty  of  .59,  and  is 
used  in  freezing  machines  on  account  of  its  rapid  evapora- 
tion, producing  a  great  cold.  The  chief  constituent  of  cymo- 
gene  is  butane  C^H^^. 

The  portion  that  first  distils  over,  and  which  boils  at  18°, 
requires  special  condensation.  It  contains  a  considerable 
proportion  of  pentane  C^H^^  and  is  commercially  known 
as  rhigolene.  It  has  a  specific  gravity  of  .62,  and  finds 
employment  in  the  arts  as  a  standard  of  light  and  in  medi- 
cine as  an  anesthetic.     The  next  portion,  that  distils  over 
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at  about  G0°,  consists  nearly  entirely  of  hexanc  C^H^^\  it  is 
known  commercially  as  petroleum  ci/ur,  petroleum  spirits, 
and  gasolene.  It  has  a  specific  gravity  of  .GfJ,  and  is  used 
in  various  industries  as  a  solvent  of  india  rubber,  etc.  The 
next  fraction  consists  mainly  of  heptane  C,//„,  and  is  col- 
lected until  the  temperature  rises  to  about  110°;  its  specific 
gravity  is  .7;  it  is  known  commercially  as  naphtha,  ligroiu, 
and  benzoline.  It  is  used  as  a  burning  oil  in  some  kinds  of 
lamps,  and  serves  as  a  solvent  in  a  number  of  manufacturing,^ 
processes.  The  next  fraction  of  distillation  is  collected 
below  150°  and  is  known  as  benzine^  which  has  a  specific 
gravity  of  .74,  and  should  not  be  confounded  with  ben- 
zene, the  coal-tar  product  The  kerosene  oil  so  generally 
used  for  lighting  purposes  is  the  portion  that  distils  between 
150°  and  300°.  It  is  generally  refined  by  agitation  with  about 
2  per  cent,  of  sulphuric  acid,  in  order  to  remove  the  olefines 
contained  in  the  oil,  before  being  sent  into  the  market.  It 
is  unsafe  to  use  oils  of  low  boiling  point  as  illuminants  in 
ordinary  lamps,  because  they  so  easily  evolve  vapor,  which 
forms  an  explosive  mixture  with  air,  and  bursts  the  lamp. 

The  temperature  at  which  the  hydrocarbon  evolves  enough 
vapor  to  form  an  inflanmiable  mixture  with  the  air  above  is 
known  as  \\.s  flashing  point.  No  so  called  paraffin  oil  should 
be  considered  safe  for  either  lighting  or  cooking  purposes 
that  kindles  from  a  flame  brought  near  its  surface  when  it  is 
heated  to  38°  in  an  open  vessel ;  a  tea  cup  placed  in  a  basin 
of  hot  water  in  which  a  thermometer  is  plunged,  answers  for 
a  rough  test.  In  a  closed  vessel,  where  the  vapor  more 
rapidly  accumulates  in  sufficient  quantity,  the  flashing  point 
is  much  lower,  and  no  oil  is  considered  safe  that  kindles  at 
or  below  2'r  in  a  covered  vessel  when  a  flame  is  brought 
near  its  surface;  a  small  beaker  covered  with  a  piece  of  tin- 
plate  having  a  small  hole  for  the  introduction  of  a  match 
may  be  placed  in  w^arm  water  for  the  elosed  test. 

The  distillation  of  the  petroleum  is  carried  on  until  a  tarry 
residue  is  left  in  the  retort.  The  distillate  above  300°  con- 
sists of  heavy  lubricating  oils  containing  paraffin  wax,  which 
melts  at  about  55°,  and  may,  tlierefore,  be  separated  from 
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the  oils  by  freezing;  this  wax  contains  the  highest  known 
homologues  of  the  paraffin  series.  The  softer  varieties  of 
paraffin  are  known  as  petrolatum.  All  the  oils  mentioned 
above  are  colorless  when  quite  pure,  although  the  commercial 
products  arc  frequently  yellow  or  brown. 

72.     For  the  purpose  of  fractional  distillation  on  a  small 
scale,  an  apparatus  as  shown  in  Fig.  19  is  usually  employed. 


h 


FlO.  19. 


It  consists  of  a  bottle  a  provided  with  a  long  neck  through 
which  a  thermometer  b  pasvscs  to  indicate  the  temperature 
at  which  the  liquid  in  the  flask  a  boils.  The  first  portion 
that  distils  over  will,  of  course,  consist  chiefly  of  the  liquid 
that  has  the  lowest  boiling  point,  particularly  if  the  neck 
of  the  flask  consists  of  a  scries  of  bulbs,  as  shown  in  Fig. 
20,  and  thus  exposes  a  large  surface  to  be  cooled  by  the  air; 
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Fig.  20. 


if  the  receiver  c  is  changed  at  stated  intervals  corresponding 
with  a  certain  rise  in  the  temperature,  a  series  of  liquids 

will  be  obtained,  con- 
taining substances  the 
boiling  points  of  which 
lie  within  the  limits  of 
temperature  between 
which  the  liquids  were 
collected. 

When  these  liquids 
are  again  distilled 
separately  in  the  same 
way,  a  great  part  of 
each  is  generally  found 
to  distil  over  within  a 
few  degrees  on  either 
side  of  some  partic- 
ular temperature, 
which  is  the  boiling  point  of  the  substance  of  which  that 
liquid  chiefly  consists  ;  and  if  the  receivers  are  again  changed 
at  stated  intervals,  a  second  scries  of  distillates  will  be 
obtained,  the  boiling  points  of  which  are  comprised  within 
a  narrower  range  of  temperature.  It  will  be  evident  that, 
by  repeated  distillations,  the  original  mixture  will  eventually 
be  resolved  into  a  number  of  liquids,  each  distilling  over 
entirely  at  about  one  particular  temperature,  which  is  the 
boiling  point  of  its  chief  constituent. 

73.  Metfiane,  or  Methyl  Hydride. — The  occurrence, 
preparation,  and  properties  of  methane  have  been  already 
treated  upon  to  some  extent  in  Arts.  102,  103,  and  104, 

Inorganic  CJicmistr)\  Part  2.     The  following  must  now  be 
added  to  these  descriptions. 

In  order  to  prepare  chemically  pure  methane,  methyl 
iodide  is  dropped  very  slowly  into  a  flask  containing  a  cop- 
per-zinc* couple  covered  with  dilute  alcohol  ;  the  reaction 

*This  is  a  special  preparation  of  zinc  coated  with  copper  precipitated 
from  a  solution  of  copper  sulphate,  which  acts  much  more  energetically 
than  zinc  alone. 
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that  takes  place  may  be  expressed  by  the  subjoined  equa- 
tion: CHJ+HOH+Zn  =  CH^H^ZnlOH 

It  may  also  be  obtained  by  the  decomposition  of  zinc 
methide  by  water; 

Zni.CH.^'^-ZHOH  =  Zn{0H\  +  2CH^ 
or  by  the  action  of  sodium  amalgam  and  water  (to  supply  H) 
on  carbon  tetrachloride; 

and  by  passing  a  mixture  of  CS^  vapor  and  H^S  over  red-hot 
copper:  cS',  +  2//,5+40/.  =  4C//,^>  CII, 

These  last  two  methods  are  especially  remarkable,  since 
they  represent  the  preparation  of  the  gas  from  its  elements, 
and,  therefore,  the  synthesis  of  the  paraffin  hydrocarbons  in 
general,  for  the  majority  of  these  can  be  built  up  from  marsh 
gas  by  the  aid  of  a  few  elements,  which  are  necessary  to  act 
as  intermediaries. 

Methane  has  a  specific  gravity  of  .50.  Water  dissolves 
approximately  5  per  cent,  and  alcohol  50  per  cent,  of  the  gas. 
It  boils  at  —  160°,  but  is  liquid  at  — 11°  under  1  SO  atmospheres 
of  pressure ;  the  S|xjcific  gravity  of  the  liquid  is  .415  at  — 104**. 

When  methane  is  mixed  with  chlorine  and  exposed  to  sun- 
light, a  violent  reaction  resembhng  an  explosion  (K^curs, 
HCl  being  formed  and  C  separated,  but  when  the  CI  is 
diluted  with  CO^  and  allowed  to  act  gradually,  so  called 
chlorine  substitution  products  are  formed;  viz. : 

CH^-\-Cl^    =  HCl  +  t^//,r/ (monochloromethane) 
CH^  +  '^Cl^  =  2HCl+CII^Cl^  (dichloromcthane) 

C//,  +  3r/,  =  ^HCl+CirCl\  (^nchloromethane,  or 

*  '  '  M      chloroform) 

CH^'\-\Cl^  =  4kHCl+  CCl^  (tctrachloromc thane) 

The  chlorine  in  these  compounds  is  not  precipitated  by  silver 
nitrate,  like  the  CI  in  HCl  and  the  chlorides  of  the  metals. 

74.  Ethane,  or  Kthyl  Hydride. — Ethane  C,//,  is 
obtained  by  treating  zinc  ethyl  with  water  : 

zinc  ethyl  ethane      zinc  hydrate 
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It  is  likewise  formed  when  methyl  iodide  is  heated  with 
s(xliuin  in  a  closed  tulxj : 

Ethane  is  a  colorless  gas,  resembling  methane  in  most  of 
its  properties,  but  is  more  easily  liquefied  ;  it  is  about  twice 
as  soluble  in  alcohol  as  methane. 

75.  Propane,  or  Propyl  Hydride. — Propane  C^//^  is 
obtained  by  the  action  of  nascent  hydrogen  on  propyl  iodide; 
according  to  the  equation  : 

It  is  also  obtained  when  a  mixture  of  ethyl  iodide  and 
methyl  iodide  is  heated  with  zinc: 

C,/rj+C//J+ZH  =  C,I/,  +  Z;i/, 

clhyl         methyl 
iodide        iodide 

or       C/r,,CI/,J+C//J+ZH  =  Cf/,,C/f,.CH,  +  Zn/^ 

The  reaction  is  of  importance,  as  it  confirms  the  constitu- 
tion of  propane  (see  Fig.  18),  showing  that  the  hydrocarbon 
is  formed  by  the  combination  of  methyl  with  ethyl. 

Pr()]xinc  is  a  colorless  gr.s  which  boils  at  —  1T°. 

The  student  will  have  noticed  that  similar  methods  serve 
for  tlic  preparation  of  tlie  three  compoimds,  methane,  ethane, 
and  propane,  wliieh  clearly  illustrates  the  fact  that  the  mem- 
bers of  an  homologous  series  of  carbon  compounds  can  be 
]-)rcpared  from  the  members  of  another  homologous  series 
by  the  same  reaction  ;  thus,  the  series  of  alky  I  iodides 
CI  1.1,  CJIJ,  C.IIJ,  etc.  will  yield  the  corresponding  series 
of  alkyl  hydrides  (hydrocarbons)  by  mctalepsis  w-ith  nascent 
hyclroij[-en.  I'or  each  ser'es  of  carbon  compounds,  therefore, 
there  is  a  nunil)er  of  general  methods  of  formation. 

In  case  of  the  par:iflfin  hydrocarbons  the  following  general 

methods  of  formation  may  be  distinguished :  In  the  equations 

R  =  any  alkyl  radical.     (1)  The  action  of  nascent  hydrogen 

on  alkyl  halidcs: 

RCl+^Jf  =  Rir+IfCl 

(9)     The  art 'on  of  sodium  on  the  alkyl  iodides: 

2RI-\-^Xa  =  R-R  +  )iyci/,ovRl+R'/+Xa=R,R'  +  2Nt7l 
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(3)  Heating  the  alkali  salt  of  an  acid  of  the  acetic  series 
with  an  alkali: 

R-COONa  +  NaOH  =  AV/-f  XaO^COO.Va 

(4)  The  interaction  of  the  alkyl  iodides  with  the  zinc  alkyl 

compound: 

^  2R/+ZnR^  =  2(A^/e)^-Z///, 

70.  Butane. — Butane  C^//^^  is  prepared  by  heating  ethyl 
iodide  and  zinc  in  a  sealed  tube  to  ISC'  : 

Butane  is  much  more  readily  condensed  to  a  liquid  than 
any  other  of  the  hydrocarbons  treated  upon  so  far;  the  liquid 
boils  at  0°  and  has  a  specific  gravity  of  .0.  Since  butane  is 
prepared  from  ethyl  icxlide,  it  may  be  regarded  as  diethyl  in 
the  same  sense  that  ethane  is  dimethyl,  n  n  n  n 
and  we  can  justly  write  its  formula :  I      I      I      I 

CH^.  Cfl^'  CH^'  CH^,  or  we  can  re  pre-  I "~  I "~  I  ""  |  ^ 

sent  it  graphically  as  shown  in  Fig.  21.  U    B    u    U 

Ethyl  iodide  is  the  iodine  substitution  ^^^  ^• 

product  of  ethane  CH^CH^y  and  its  formula  is  CH^-CHJ. 
When  the  diad  zinc  acts  upon  this,  it  must  take  the  /^,  which 
it  requires  to  form  zinc  iodide,  from  two  molecules  of  etliyl 
iodide,  leaving  the  residues  to  combine  and  pnKluce  butane, 
thus: 

C7/,.  r//,/+ Z7i + /c//,.  C//3  =  zni^  +  r//,.  r//,.  r//,.  c//, 

A  second  hydrocarbon,  having  the  simie  formula  C  JI ^^  is, 
however,  in  existence.  It  is  obtained  when  nascent  hydrogen 
acts  upon  the  compoimd  known  as  tertiary  butyl  iodide^  which 
has  the  formula  CJIJ.  This  second  compound  might  be 
taken  for  butane,  but  for  the  fact  that  it  is  much  more  diffi- 
cult to  liquefy  (a  temperature  of  —  17°  being  recjuircd)  than 
butane.  This  compound  is  generally  known  as  secondary 
butane^  or  isobutane^  while  the  first  product  is  termed  nor  vial 
butane y  being  the  product  of  the  usual  general  methods  of 
formation  of  the  paraffins,  and  possessing  the  physical  pro]> 
erties  that  the  hydrocarbon  CJf^^^  should  and  must  possess 
from  its  position  in  the  homologous  series  of  paraflfins — that 
is,  a  boiling  point  about  30°  low^er   than  the  next  higher 
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member  in  the  series.    In  order  to  explain  the  existence  of  this 

secondary  butane,  we  must  take  recourse  to  the  assumption 

that  the  four  carbon  atoms  in  the  secondary  butane  molecule 

are  arranged  in  a  different  manner  than  are  those  in  the 

n   B  B        normal  butane  molecule.     The  only  possible 

^^  '  __  I  ^  I  _      second  method  of  arrangement  is  shown  in 

III  Fig.  22,  in  which   the  fourth    C  atom   is 

JS^  ^         attached  to  the  central  C  atom  of  the  pro- 

^B  ^  pane  formula.     The  same  arrangement  may 

Fio.  28.  be    expressed    by   writing  its  formula  as 

CH^^C{CH^H.CH^,   or  as  {CH^^^^CHXH^,  and   may  be 

described  as  consisting  of  methane  in  which  3  atoms  of  H 

have  been  replaced  by  methyl,  or  trimcthylmethane. 

77.  Pentane. — Three  hydrocarbons  having  the  formula 
C^//,^  exist.  That  compound  which  is  prepared  by  the  regu- 
lar methods  and  which  is  consequently  known  as  normal 
pcnia7it\  is  a  colorless  liquid  which  boils  at  30°;  secondary 
pentane,  or  isopentaney  boils  at  30°;  and  tertiary  pentane ^  or 
tctramctJiylincthanCy  at  9.5°. 

In  order  to  account  for  the  existence  of  these  three  hydro- 
carbons, it  becomes  necessary  to  assume  that  the  five  carbon 
atoms  are  arranjred  in  three  different  ways  ;  this  will  be 
found  to  be  possible,  the  results  being  shown  in  Figs.  23,  24, 
and  25. 


n^  B^  H^ 


ar,  B 
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Fig.  23.  Fig.  2i.  Fio.  25. 

Fi^.  23  shows  the  atom  arrangement  of  normal  pentane  to 
which  we  may  assign  the  formula  CII^CH^'CH^'CH^'CH . 
Fig.  24  shows  the  arran<^^enient  of  isopentane,  which  will  have 
the  formula  CII^'CIf.A^(CIf^)lI'Cn.^\  and,  lastly,  Fig.  25 
shows  the  arrangement  of  tertiary  j)cntane,  which  accordingly 
has  the  formula  C{CIf.)^. 

Should  it  be  possible  to  arrange  the  five  carbon  atoms  in  a 
way  essentially  different  from  any  of  these  three,  a  fourth 
variety  of  pentane  might  reasonably  be  expected  to  exist. 
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It  will  be  evident  that  the  greater  the  number  of  carbon 
atoms  in  the  hydrocarbon,  the  greater  the  variety  of  arrange- 
ment, and,  therefore,  the  greater  the  number  of  possible 
isotneridcs ;  thus,  for  instance,  there  exist  theoretically  802 
compounds  having  the  formula  C^^H^^, 

The  term  isotneridcs  has  been  used  above;  these  may  be 
defined  as  those  compounds  that,  although  they  possess  the 
same  percentage  composition,  and  the  same  molecular 
weights,  differ  in  their  properties.  Isomerism  is  a  frequent 
occurrence  with  carbon  compounds;  attempts  have  been 
made  to  explain  all  these  cases  by  referring  to  the  arrange- 
ment of  the  atoms  of  the  compounds  in  space  although  in 
some  cases  special  difficulty  is  experienced;  these  will  be 
referred  to  later  on. 

Polymer  ides  may  be  defined  as  compounds  having  the  same 
percentage  composition,  but  different  molecular  weights; 
thus,  for  example,  C,//,  and  C,//,,  CHfi  and  C^H^fi^^  etc. 

78.  As  carbon  is  always  a  tetrad,  there  can  only  be  three 
different  modes  in  which  the  carbon  atoms  can  be  linked  to 
each  other,  giving  rise  to  three  main  classes  of  isomerides, 
which  are  illustrated  by  the  three  classes  of  paraffin  hydro- 
carbons. 

Normal  paraffins  are  those  in  which  all  the  carbon  atoms 
are  united  in  a  single  chain  without  branches,  so  that  the 
formula  begins  with  CH^  and  ends  with  C//,,  every  other 
link  being  CH^  (compare  Fig.  5^3). 

Secondary  paraffins^  or  isoparaffinSy  have  at  least  one  branch ; 
that  is,  at  least  one  carbon  atom  is  imited  with  three  other 
carbon  atoms,  as  is  shown  in  Fig.  24. 

Tertiary  paraffins^  or  neoparaffins^  have  at  least  one  carbon 
atom  linked  to  four  other  carbon  atoms,  as  is  seen  in  Fig.  25. 


UNSATURATED  HYDROCARBONS. 

79.  It  has  been  found,  experimentally,  that  all  those 
hydrocarbons  whose  formulas  do  not  correspond  with  the  gen- 
eral formula  C^//,,,  + ,  are  able  to  combine  with  the  halogens 
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without  exchanging  hydrogen  for  them.  Those  compounds 
are  conse(|Ucntly  termed  unsaturated  hydrocarbons.  No 
hydrocarbon  has  so  far  been  discovered  that  contains  an 
uneven  number  of  hydrogen  atoms,  nor  is  an  unsaturated 
hydrocarbon  known  that  contains  only  one  atom  of  carbon. 
In  order  to  get  an  cxphmation  of  these  facts,  it  is  assumed 
that  all  unsiiturated  hydrocarbons  contain  at  least  two  carbon 
atoms  which  are  linked  together  by  two  or  three  bonds; 
thus, 

^I^C  ---  C^Ij^  or,  thus,  H-'C  —  C-H 

It  may  he  said  that  the  existence  of  an  unsaturated  carbon 
jitom  in  a  hydnKarlxm  is  impossible;  because,  if  there  are 
not  surticicnt  atoms  of  other  elements  to  saturate  the  carbon 
atom,  it  will  combine  bv  means  of  all  its  free  bonds  with 
another  carbon  atom.  The  fact  that  no  such  hydrocarbon 
as  Hy—CII^  exists,  or,  at  least,  is  known  at  present,  sup- 


ports this  theory.  Of  these  two  carbon  atoms,  the  imsatu- 
rated  one  will  take  up  a  bond  of  the  saturated  carbon  atom, 
at  tlic  expense  of  one  of  the  hydrogen  atoms  imited  to  this 
latter,  forniini^  11 X  ^=^  ^  >^A,  in  which  neither  carbon  atom 
can  be  said  to  be  unsaturated.  Treatment  of  this  compound 
with  chlorine  will  open  up  the  double  linking,  yielding 
n^C—  Clf,^.      If    thj    ctHU pound    were    represented    by   the 


a    (7 
formula   7/,C—  T//,,   there    would    be    no  apparent   reason 


why,  when  the  compound  is  mixed  with  the  proper  quantity 
of  chlorine,  one  carbon  atom  alone  should  not  combine  with 
C/,  yielding  a  compound  having  the  fi^rmula  H^C  —  C7I,^,  a 


a 

result  which,  however,  has  never  yet  been  obtained.    Another 
method  of  represeiitiiig  this  hydrocarbc^n  may  be  conceived, 

namely,  as  7/6^— T//,  but  the  objection  to  this  formula  is 
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that  it  represents  an  unsaturated  carbon  atom,  which,  as 
has  been  previously  stated,  never  seems  to  oceur  in  a  hydro- 
carbon; moreover,  if  this  formula  were  correct,  the  addition 
of  chlorine  to  the  hydrocarbon  might  b^-  expected  to  produce 

a 

I 
H^C-r-  C/I;  whereas  there  is  evidence  i<i  slinw  that  the  two 
I 

a 

chlorine  atoms  in  the  compound  lesiiltinir  from  tl-o  addition 
of  chlorine  to  C",/^.  are  attached  to  different  carb-n  atoms. 

A  similar  reasoning  will  serve  foi  siipportinj;  the  formula 
lie  ^  Cn  it)T  the  hydrocarbon  CJI^. 

If  two  regular  tetrahcdra  be  placed  with  one  edge  of  each 
coincident,  there  will  be  two  solid  angles  <  f  each  tetrahe- 
dron left  unattached.  Such  an  arrangement  may  be  sup- 
posed to  represent  the  structure  of  the  hydrocarbon  C,fl,  in 
space;  each  carbon  atom  would  occupy  the  center  of  a  tetra- 
hedron, and  each  hydrogen  atom  would  be  attached  to  a 
free  solid  angle.  By  placing  the  two  tetrahcdra  with  one 
face  of  each  coincident,  the  structure  of  the  hydrocarbon 
r,/A,  may  be  represented. 

The  following  figures  will  represent  hydrocarbons  con- 
taining singly  linked,  doubly  linked,  and  trebly  linked  carbon 
atoms,  respectively: 
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OL.EFIX£  SERIES  OF  HYDROCARBOXS. 

80.  The  olefine  hydrocarbons  are  unsaturated  hydro- 
carbons containing  a  pair  of  doubly  linked  carbon  atoms. 
Their  composition  may  be  expressed  by  the  general  formula 
C„II^^.     The  lowest  three  members  of  the  series  are: 

Ethylene  C\H^,  or  //,C:  C//,; 
Propylene  6,//.,  or  //,C:  CH^CH^; 
Butylene  C//,  or  H^C'.CH.CIf^.CH^. 

The  attention  of  the  student  is  here  drawTi  to  the  fact  that 
the  nomenclature  adopted  differs  from  that  for  the  paraffin;? 
by  the  substitution  of  the  suffix  j'Av/r  for  ane. 

The  olcTincs  are  found  in  petroleum  oil  as  well  as  in  the 
products  of  the  destructive  distillation  of  wood,  coal,  etc. 
The  above  mentioned  members  are  gases,  while  the  remain- 
der are  colorless  lu|uids,  with  the  exception  of  a  few^  of  the 
hii^^hest  members,  which  are  solids.  A  gradation  of  boiling 
points  and  melting  points  is  observ-cd  similar  to  that  existing 
in  the  jxirafTin  series.  The  properties  of  ethylene  described 
in  the  following  article  may  l)e  regarded  as  typical  of  all 
other  members  of  this  group  of  hydrocarbons. 

81.  i:tIi.vleno,  or  OU^flant  (ias.  —  Ethylene,  olefiant 
.U'as,  or  elhcnc  (sec  also  Arts.  107,  108,  109,  and  110, 

Inorganic  Cluuiistrv^  Part  '2),  is  formed  when  certain  organic 
substances  are  subjected  to  dry  distillation.  The  two  princi- 
])al  reaetions  that  yield  it  are: 

1 .  The  aetion  of  an  alcoholic  solution  of  a  caustic  alkali  on 
cither  ethyl  ehloritle,  bromide,  or  iodide,  according  to  the 
e(j[uation  • 

C ; //^ nr  J^KOII  ^  r, //,  +  KBr  -f  //, O 

2.  The  action  of  sulphuric  acid  or  other  dehydrating 
a* '•cuts  on  alcohol: 

cjr.-oir  =  cjr^^noii 

Ethylene  is  .-i  c()lnrl(_'ss  <if;iswith  a  fair.t  ethereal  odor  and  a 
s])cciric  gravity  of  .'.>7.  It  is  slightly  soluble  in  water,  more 
soluble  in  alcohol,  and  burns  with  a  bright  luminous  flame. 
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When  mixed  with  three  volumes  of  oxygen  and  then  ignited, 
it  produces  a  violent  explosion.  It  is  liquefied  by  a  pressure 
of  60  atmospheres  at  10°,  and  the  evaporation  of  the  liquid 
under  reduced  pressure  affords  a  valuable  means  of  attaining 
very  low  temperatures.  When  mixed  with  chlorine,  ethylene 
combines  with  it  to  form  a  fragrant  liquid  which  is  known 
as  ethylene  chloride  or  Dutch  liquid  CIH^C-  CH^CL  Bromine 
forms  a  similar  compound  with  it.  Sulphuric  acid  slowly 
absorbs  ethylene,  forming  sulphetliylic  or  ethylsulphuric  acid 
C^H^HSO^y  which  is  also  known  as  ethyl  hydrogen  sulphate, 
from  which  alcohol  may  be  obtained  by  distillation  with 
water : 

alcohol 

Sulphuric  oxide  5^,  absorbs  ethylene  much  more  easily,  and 
a  strong  solution  of  SO^  in  H^SO^  (fuming  sulphuric  acid) 
is  employed  for  its  absorption  in  the  analysis  of  coal  gas. 
The  compound  formed  by  SO^  w4th  ethylene  is  crystalline, 
and  is  known  as  car  by  I  sulphate  or  ethionic  anhydride 
CJI^SO^)^,  In  contact  with  water  this  forms  ethionic 
acid,  CHJ^OSO^H)'CH^(SOJ^),  and  when  this  is  boiled 
with  water  it  yields  isethionic  acid  CIlJ^OIf)'CHJl^SO^H) 
according  to  the  equation : 

It  will  be  noticed  that  isethionic  acid  has  the  same  composi- 
tion as  ethyl  hydrogen  sulphate,  but  it  is  a  much  more  stable 
compound. 

In  presence  of  platinum  black,  ethylene  combines  with 
hydrogen  to  form  ethane  C^H^.  With  HBr  and  ///  it  com- 
bines to  form  ethyl  bromide  C^HJ>r  and  etJiyl  iodide  CJIJ, 
respectively. 

Oxidizing  agents,  such  as  nitric  and  chromic  acids,  con- 
vert ethane  into  oxidized  bodies  containing  two  carbon 
atoms,  as,  for  instance,  oxalic  acid  CJIfi^,  aldehyde  CJI^O^ 
and  acetic  acid  CJijO^, 

From  the  given  description  of  the  properties  of  ethylene, 
the  student  will  notice  the  wide  dilTcrcncc  between  this 
gas  and  methane  and  the  other  paraftms,  in  the  readiness 
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^nth  which  it  combines  with  other  bodies,  especially  bro- 
mine, chlorine,  and  sulphuric  oxide,  forming  addition  prod- 
ucts instead  of  substitution  products, 

82.  Propylene.— Propylene  C,//,  or  CH^CH.CH^ 
occurs  in  small  quantities  in  coid  gas,  being"  one  of  the  illu- 
minants.  It  is  prcjxired  by  heating  allyl  iodide  with  mcr- 
cur\'  and  concentrate  hydr(x:hloric  acid: 

Propylene  is  a  colorless  gas,  having  a  feeble,  alliaceous 
odor.  It  is  readily  absorbed  by  sulphuric  acid  and  closely 
resembles  ethvlene. 

83.  IJiityleiio.— Butylene  CJI^  or  CH^CIf^CIIiCH^ 
occurs  largely  in  illuminating  gases  obtained  by  distilling 
vegetable  and  animal  oils.     Its  boiling  point  is  —6°. 

A  careful  jrcrutiny  of  the  formula  of  butylene  will  show 
that  three  isomerides  of  this  compound  can  exist;  namely, 
a  uv  Honnal  butyhnc  Clf^CIf^CHiCH^,  0  or  isobutylcnc 
Cll.^'Cir.CIi'  Cir^,  and,  lastly,  y  biityhm'(CII,)^C:CH^.  The 
butylene  deseril>ed  above  is  the  normal  comix)imd. 

84.  AiiiyhMKs  or  Poiitvlcne. — Amylenc  or  pentylenc 
C J  f^  i)r  Cf  f.' CI  I.,' (lf..i  If '.CI  f^  ciiw  exist  in  five  isomeric 
forms.  Tl:ey  oecur  in  i>etn)leiini  aiul  paraffin  oil.  Nc^rmal 
amylene,  the  fornuila  of  wb.ieli  is  t;iven  above,  boils  at  40"^. 


Ar  i:tyi.kxk  skiiiks  or  iiY:)norAHBOXS. 

85.  Tl:e  (iri/v/t  /!('  hydrocarbons  arc  unsiituratcd  hydro- 
carbons eontainin^i;-  a  ])air  of  trebly  linked  carbon  atoms, 
and  correspond  in  eoni]')()siti()n  \villi  tb.e  general  formula 
(\Jf..„-.,.  T.  c  iirst  two  members  of  the  series,  acetylene 
lie .  CIIiu^(\  allvh'ncl I  C'C':  Clf,  are  gaseous  under  ordinarv 
condilions,  wliile  nearly  all  other  members  (  f  the  series  are 
colorless  li(iuids  at  C)rilinary  tcm])eratures  and  ])ressures. 

It  will  be  seen  that  the  hydrocarbon  (II,  is  capable 
oi    being    represented    by  the    formulas    CII^C:  Clf,    and 
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CH^'.C'.CH^,  so  that  two  modifications  of  this  compound  may 
be  expected.  These  have  been  prepared,  the  former  bein^ 
Ciilled  allylenc  and  the  latter  alltuc.  For  ever>'  true  acety- 
lene (a  hydrocarbon  containing  a  pair  of  trebly  linked  car- 
bon atoms)  there  may  also  be  a  hydrocarbon  containing  two 
pairs  of  doubly  linked  carbon  atoms.  These  diolc fines 
differ  considerably  in  properties  from  the  acetylenes.  They 
are  of  no  importance,  and  will  not  be  considered  here. 

86.  Acetylene,  or  Ethiiic. — Acetylene  C,//,  is  the  only 
hydrocarbon  which  can  bj  obtained  by  the  direct  union  of 
its  component  elements.  Although  the  preparation  and 
properties  of  acetylene  have  been  already  treated  in  Arts. 
Ill  and  113,  Inorganic  Chemistry^  Part  2,  a  few  details 
concerning  the  properties  of  this  gas  will  be  here  added. 
Acetylene  has  a  specific  gravity  of  .01.  Water  at  18°  dis- 
solves its  own  volume  of  the  gas;  hence,  it  can  only  be  col- 
lected over  water  with  some  loss.  It  burns  with  a  brighter 
flame  than  olefiant  gas,  but  emits  smoke.  In  the  presence 
of  platinum  black  (see  Art.  198,  Inorganic  Chemistry, 
Part  4),  it  combines  with  hydrogen  to  form  ethene  C^H^. 
Strong  sulphuric  acid  absorbs  acetylene  slowly,  as  it  does 
ethene;  but  when  the  solution  is  mi.xed  with  water  and  dis- 
tilled,  it  yields,  not  alcohol  as  with  ethene,  but  croton-alde- 
hydc  C^H^-CHO: 

Chromic  acid  oxidizes  acetylene  to  acetic  acid,  while  potas- 
sium permanganate  converts  it  into  oxalic  acid. 

One  of  the  most  remarkable  features  of  acetylene  is  the 
facility  with  which  its  hydrogen  is  displaced  by  metals.  If 
sodium  is  heated  in  acetylene,  inonosodiuni  acetylide 
CJINa  and  disodium  acetylide  C,^Na^  are  obtained.  Cuprous 
acetylide  C^Cu^^H^O  is  formed  when  acetylene  acts  upon  a 
cuprous  compound  in  the  presence  of  ammonia;  thus,  if 
acetylene  is  passed  into  an  ammoniacjl  solution  of  cuprous 
chloride : 

CH^Cl,  +  2NH^  +  CJf,  =  CO/,  +  2AY/,a 
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The  cuprous  acetylide  forms  a  bright  red  precipitate,  the 
production  of  which  forms  a  characteristic  test  for  acetylene. 
Silver  acetylide  C^Ag^^Hfi  is  obtained  as  a  white  precipitate 
when  acetylene  is  passed  into  silver  nitrate.  Silver  acety- 
lide, like  cuprous  acetylide,  is  a  rather  explosive  compound. 

Acetylene  inflames  at  once  in  contact  with  chlorine  in 
daylight,  yielding  HCl  and  finely  divided  carbon;  but  if 
acetylene  is  passed  into  antimonic  chloride  and  kept  cool, 
crystals  of  CJi^Cl^-SbCl^  are  formed,  which,  on  heating, 
yield  the  acetylene  dichloride  CJIjCl^y  a.  liquid  having  the 
characteristic  smell  of  chloroform  and  boiling  ^t  55°.  Acety- 
lene tetrachloride  C^H^Cl^  and  monochlor acetylene  C^HCl 
have  also  been  prepared. 

When  heated  in  a  sealed  tube,  acetylene  is  partially  con- 
verted into  a  mixture  of  two  liquids,  namely  benzene  CJI^ 
and  styrolene  C^H^,  By  passing  electric  sparks  through  a 
mixture  of  acetylene  and  nitrogen,  hydrocyanic  acid  is  pro- 
duced: C^H^-\-N^  =  "IHCN.  Hence,  this  acid,  from  which 
a  large  number  of  organic  bodies  may  be  derived,  has  been 
synthesized  from  its  elementary  constituents.  Cuprous 
acetylide,  in  contact  with  zinc  and  solution  of  ammonia, 
yields  ethylene,  which  is  convertible  into  alcohol,  and  from 
this  a  very  largo  number  of  organic  compounds  may  also  be 
obtained. 

Acetylene  is  regarded  as  one  of  the  most  important  inter- 
mediate Ixxlies  in  the  synthesis  of  organic  compounds  from 
their  elements. 

87.  Allylone,  or  Proplnc. — Allylene  C^H^  or 
CIL^'C-  CH  can  be  prepared  from  propylene  bromide 
CJI^Br^,  It  resembles  acetylene,  but  its  cuprous  compound 
has  a  yellow  instead  of  a  red  color. 

Butlne  CJ-I^  exists  in  two  forms,  each  of  which  will 
have  a  pair  of  trebly  linked  carbon  atoms;  namely. 
ctJiylacctylcnc  CH^'CH^'C\  CH^  and  crotonylcne  or  dimethyl- 
acct  vhne  CIL  C'  C-  C7/,. 

Crotonylene  is  a  liquid  which  boils  at  27°;  its  vapor  is 
one  of  the  illuminating  hydrocarbons  of  coal  gas.     It  does 
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not  form  any  metallic  derivatives,  and  this  seems  to  be  gen- 
erally the  case  with  those  acetylenes  which  have  not  the 
group  C\  CH\n  their  composition. 

The  other  members  of  the  group  appear  to  be  of  little 
practical  importance  so  far,  and  need  not  be  treated  upon 
here. 

88.  The  carbon  atoms  of  the  paraffins,  olefines,  and 
acetylenes  are  supposed  to  be  linked  together  as  an  open 
r//^/«,  which  means  that  they  are  connected  in  such  a  way  that 
there  are  terminal  carbon  atoms,  each  of  which  is  attached 
to  only  one  carbon  atom.  The  student  will  see  from  the 
following  that  there  is  good  reason  to  believe  that  a  large 
number  of  hydrocarbons  exist  in  which  no  carbon  atom  is 
attached  to  only  one  of  the  other  carbon  atoms.  This  can 
only  be  the  case  if  it  is  assumed  that  the  terminal  carbon 
atoms  are  attached  to  each  other;  thus, 

II        II        II       II 

C—  C—  C—  c 

J L 

Such  hydrocarbons  are  termed  closed-chain  hydrocarbons 
or  ring  hydrocarbons^  since  the  arrangement  of  the  carbon 
atoms  in  the  form  of  a  ring  is  the  most  convenient  graphical 
way  to  show  it ;  e.  g. , 


^C—C= 

Besides  the  three  open-chain  series  previously  men- 
tioned, there  are  those  corresponding  with  the  general 
formulas,  C„//,^  _  ^  and  C„-^,„  - ,.  The  hydrocarbons  of  the 
former  series  must  have  either  one  pair  of  trebly  and  one 
pair  of  doubly  linked  carbon  atoms,  as  in  the  formula 
CH^'  CH\  CH'C'  CH^  or  three  pairs  of  doubly  linked  carbon 
atoms,  as  in  the  formula  CH^CH\  C\  C\  CH^.  The  hydro- 
carbons of  this  series  are  distinguished  by  the  suffix  one^  as 
for  instance:  hexone  CJ{^.  The  C^H^^^^^  open-chain  hydro- 
carbons must  contain  either  two  trebly  linked  or  four  doubly 
linked    carbon    atoms.      The   treble   linking  is   the    more 
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common;  for  instance,  diacctylcnc  CM  CC\  CHy  and  dipro- 
par^yl  hixadiinc  CH .  C'CH^'CH^C  CII,  which  is  isomeric 
with  benzene.  Both  these  hydrocarbons  form  copix;r  and 
silver  compounds  like  acetylene. 

89.     Closed -Chain      Ilyclroearbons.  —  The      simplest 
closed -chain  hydrocarbon  is  the  gas  trimctliylciie^ 

/  en, 

which    is    an    isomeride    of    propylene.       PentamethylL'nc, 

\67/,.d/. 

hcxaniethylenef  ^^^«< /'//./'//'> ^^A»  ^^^  heptamethykne 

are  also  known,  but  up  to  the  present  time  these  hydrocar- 
bons are  of  little  practical  importance.  The  arguments  in 
fav<>r  of  closed-chain  structure  for  them  are  similar  to  those 
in  favor  of  the  closed-chain  structure  of  benzene. 


BKNZKXK  SKHIKS  OF  IIYI>R()C'AR»OXS. 

CM).  The  general  fornuila  of  this  series  is  C^H^^^  _  ^,  where 
//  is  any  whole  number  not  less  than  (I.  This  series  was 
originally  called  the  aroinatic  scries,  owing  to  the  fact  that 
the  first  hydrocarbons  discovered  were  obtained  from  aro- 
malic  balsams  and  resins.  Bciizcuc  has  the  formula  CJi,, 
and  its  homologiies  are  formed  from  it  by  the  replacement  of 
hydrogen  by  the  group  ^  //.,:  thus,  toluene  CJf^'CH^^  xylene 
CJl^  ((  II y,^  etc.  P>efore  we  consider  the  structure  of  these 
hydrocarbons,  it  seems  advisable  to  study  some  of  their 
])roperties. 

01..     15<»nzont».      I^e'.i/.en  ^  C\lf^  is  ]>re]')irLd  from  the  Z/^/:/ 

oil  obtained  in   the  distillation   of  coal  tar.      It  may  also  be 

*'rho  i^roup  CIli  i^  termed  mrf/iv/rnr. 

I  Identical  witli  benzene  licxaliydride :  it   is  also  called  cyclo-hcxane 
and  naphthene,  and  is  a  constituent  of  tlie  Russian  petroleum. 


§  12  ORGANIC  CHEMISTRY.  00 

prepared  by  hcatin<:^  benzoic  acid  with  lime,  when  the  acid 
breaks  up  into  carbon  dioxide  and  benzene : 

or  by  simply  heating*  acetylene : 

36V/,  =  c\ir. 

Benzene  is  a  colorless  ethereal  liquid  of  specific  gravity 
.809  at  O*^.  It  has  a  peculiar,  pleasant  odor,  and  boils  at  80°. 
It  is  xevy  inflammable,  and  bums  with  a  red,  smoky  flame; 
but  its  vapor,  when  mixed  with  either  hydrogen  or  air,  as  in 
coal  gas,  burns  with  a  bright  white  flame.  It  is  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether.  It  is  used  for 
dissolving  caoutchouc,  fats,  etc.  If  benzene  is  dropped  into 
strong  nitric  acid,  or  into  a  mixture  of  ordinary  concentrated 
nitric  acid  with  an  equal  volume  of  strong  sulphuric  acid,  a 
violent  action  occurs,  red  fumes  are  evolved,  and  the  liquid 
becomes  red.  On  pouring  it  into  several  times  its  volume 
of  water,  a  heavy,  oily  liquid  falls,  which  is  nitrobenzene 
CJI^NO^y  according  to  the  equation 

The  red  fumes  originate  from  a  secondary  reaction  not 
expressed  in  the  above  equation.  The  sulphuric  acid  is  used 
to  combine  with  the  water,  since  weak  nitric  acid  does  not 
act  on  benzene.  Nitrobenzene  has  an  exceedingly  strong 
flavor  of  almonds,  and  is  sold,  dissolved  in  alcohol,  as  ;///>- 
banc  essence  to  the  manufacturers  of  pjrfumery,  etc.  It  is  a 
poisonous  substance  when  employed  in  large  doses.  Nitro- 
benzene is  also  employed  for  the  preparation  of  aniline.  Thij 
liquid  has  a  specific  gravity  of  \,l  at  U^,  and  boils  at  200°. 

If  the  mixture  of  nitric  and  sulpluirij  acids  mentioned 
above  is  boiled  with  Txinzene,  the  liquid,  on  cooling,  deposits 
a  yellowish-colored  crystalline  solid  known  as  dinitrobcuzenc 
C^HJ^NO^^^  a  compound  used  in  the  manufacture  of  some 
explosives : 

C,H,^%{NOfiII)  -  C,Hl,XOX+'iII.O 
Strong  sulphuric  acid  also  oxidizes  part  of  the  hydrogen  in 
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Ixinzone,  when  heated  with  it,  leaving  in  its  place  the  sul- 
phonic  groupy  or  sulphuric-acid  residue  SO^-OH^  which  bears 
the  same  relation  to  sulphuric  acid  SO^{OH)^as  nitroyl  iVC?, 
bears  to  nitric  acid  NO^OH;  thus,  C\H^  +  SO^(OH)^  =  H^O 
-\-CJf^'SO^'OH  (benzene  sulphonic  acid).  If  fuming-  sul- 
phuric acid  be  used,  a  second  atom  of  hydrogen  may  be 
rephiced;  thus,  C\H^+2S0^{0H\=  ^^^,0+C,//,{SO^'OHX 
(benzene  disu/phonie  acid). 

When  chlorine  is  passed  into  benzene,  to  which,  in  order 
to  facilitate  and  accelerate  the  reaction,  some  iodine  has 
been  added,  inonochlorobenzene  C\H^Cli^  obtained;  this  is  a 
liquid  possessing  a  strong  smell  of  almonds,  and  a  boiling 
point  of  WVl^.  It  is  not  decomposed  by  caustic  alkalies,  but 
is  reconverted  into  benzene  by  water  and  sodium  amalgam. 
The  further  action  of  chlorine  on  benzene  yields 

Dichlorobenzene    C^HjCl^^  Tetrachlorobenzene  C^H^Cl^, 

Trichlorobenzene  CJI^Ci^y  Pentachlorobenzene  CJICl.^, 

Hexachlorobenzene  C\Cl^ 

All  these  compounds  are  crystalline,  solid  bodies. 

Besides  these  sul)stitution  pnxlucts,  benzene  is  capable  of 
forniiii'^  addition  products  with  chlorine,  such  as  benzene 
dicJiloridc  CJf,C/,^,  benzene  tetrixehloride  CJIjCl^^  benzene 
JicxaeJiIoride  CJf^Cl^.  These  compounds  do  not  possess  the 
stability  of  the  substitution  products.  Benzene  hexachloride, 
for  instance,  vields  trichlorobenzene  C^H^CL  when  heated 
with  potash  dissolved  in  aleohol.  The  partial  decomposition 
may  be  expressed  by  the  equation: 

\yZ,  Constitution  of  Benzono. — A  saturated  hydro- 
carbon is  a  compound  whose  composition  corresponds  with 
the  i^eneral  formula  CJI^^^  .  ..,  from  which  it  is  evident  that 
benzene  nuist  be  an  unsaturated  hydrc^earbon.  In  the  case 
of  the  unsaturated  hydroearbons  so  far  considered  (ethylene, 
acetylene,  etc.),  it  has  been  seen  that  they  have  been  so 
termed  because  of  their  capability  of  unitint^  directly  with 
chlorine  or  bromine,  and  it  has  also  been  noticed  that  the 
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molecule  of  a  hydrocarbon  will  combine  with  2,  4,  etc. 
atoms  of  either  CI  or  Br  according  to  its  degree  of  unsatura- 
tion,  and  that  the  final  product  of  such  combination  is  always 
a  compound  of  the  general  type  C^H^^_^X^  where  X  is 
either  chlorine  or  bromine.  This  compound  is  a  stable  one, 
and  does  not  combine  with  any  more  halogen.  Moreover, 
this  reaction  between  the  unsaturated  hydrocarbon  and 
the  halogen  is  the  primary  reaction  between  the  two  sub- 
stances. 

The  reaction  between  benzene  and  a  halogen  is  of  a  dif- 
ferent nature  from  this.  As  has  been  previously  stated,  it  is 
more  easy  to  obtain  halogen- substitution  products — that  is, 
those  in  which  halogen  is  substituted  for  hydrogen — from 
benzene,  than  it  is  to  obtain  mere  addition  products,  con- 
taining halogen  added  to  the  hydnx^arbon. 

It  appears,  then,  that  benzene  resembles  saturated  as  well 
as  imsiiturated  hydrocarbons  in  its  behavior  towards  halo- 
gens. It  differs,  however,  from  the  former  class  in  that  it  can 
form  addition  products  with  the  halogens,  and  from  the  latter 
in  that  the  most  saturated  derivative  obtainable  from  it  cor- 
responds with  the  general  formula  C,,X\,^  and  not  with 
C-VV  ._..  When  benzene  is  heated  with  excess  of  hvdriodic 
acid,  it  is  converted  into  the  hydrocarbon  6,,//,,,  according  to 
the  formula: 

This  compoimd,  bcnscnc  licxaJiydru{i\  is  isomeric  with  the 
olefine  hexylene,  which,  however,  niij^-Jit  be  ex^x^cted  to 
become  hexane  d//.,  when  heated  with  excess  of  hydriodic 

0  14  * 

acid. 

These  facts  with  regard  to  benzene  may  be  easily  explained 
on  the  hypothesis  that  the  six  carbon  atoms  are  united 
in  such  a  way  that  there  is  no  carl)()n  atom  which  is  not 
attached  to  two  other  carbon  atoms — in  fact,  that  the 
six  carbon  atoms  form  a  closed  chain.  The  student  will 
readily  see  that  all  closed-chain  compounds  must  contain  a 
carbon  nucleus  that  is  possessed  of  two  atom-fixing  powers 
(or   available   bonds)  less   than    the    corresponding  carbon 
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nucleus  in  an  opsn-ehain  compound  has;  for  instance,  the 
nucleus 

I    I    I    I    I    I 

-  C—L  —C—C—C—C— 

I      I       I      I       I      i 
has  fourteen  atom-fixing  ix>v.ers,  while  the  nucleus 

I    I     I    I     I    i 

—C—C—C—C—C—C— 

L_i_.i  J  .IJ 

has  only  twelve  atom-lixin^  ])owers. 

The  closed-chain  formula  for  benzene  must  contain  three 
pairs  of  doubly  linked  carbon  atoms,  if  all  the  affinities  of 
each  atom  arc  to  he  represented  as  similarly  satisfied  as  they 
are  in  open -chain  compounds.  Sinc^,  as  will  be  shown, 
there  is  ^ood  reason  to  believe  that  the  structure  of  the  ben- 
zene molecule  in  space  is  symmetrical,  it  has  become  custom- 
ary to  represent  these  three  double  bonds  symmetrically 
in  the  formula  written  in  the  form  shown  in  Fig.  '27, 
jT  and     known    as     Kckuh^^s     benzene     rim:. 

^  The  late  Professor  Kekulc,  of  Wiesbaden, 

^c       ^C^       Germany,  one  of  the  authorities  on  organic 
II  I  cliemistrv,  was  its  onVinator. 

11^  ^^c^  ^^        Some  support  is  lent  to  this  formula  by 
J^  the  fact  tluit  iicetylene  polymerizes  into  ben- 

FiG.  27.  zcnc  when  it  is  heated,  //'C .  CI/+//C-  ClI 

+  JfC  ■  Clf   beconiin-    IlCXlf'  IlC:  CI/-  HC :  CM.       The  re 

I        _         __  . ! 

iirc,  however,  object :o::s  to   Kekulc's  formula  that   will  bj 
noticed  in  tlu  futu:e  articles. 

1)3.  Isomeridcs  have  already  l^ccn  defined  in  Art.  77  as 
compounds  that,  thougli  tlicy  liave  the  same  percentage  com- 
])osition  and  molecular  weii^'ht,  ]")()ssess  dilTorent  properties. 
The  isomerism  may  V)e  due  to  any  one  of  tlic  following  causes: 

1.  The  isomeric  compounds  may  be  composed  of  differ- 
ent radicals;  as,  for  instance, the  comi^ounds  C\^  If  -CO-CJI ^ 
and  CII  'CO'C.Jf,  are  isomeric.  Such  isomerides  are  some- 
times  termed  vutiuncridcs. 
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2.  The  isomeric  compounds  may  consist  of  tiie  same 
radicals,  but  these  may  bj  attached  to  dilTerent  carbon 
atoms;  an  example  was  met  with  in  the  case  (^f  pentanj 
(see  Art.  77).  Such  isomerides  may  be  termed  position- 
isomcridiS. 

3.  The  isomeric  compounds  may  have  the  same  radicals 
attached  to  the  same  carbon  atoms,  but  differently  situated 
in  space  with  regard  to  each  other,  examples  of  which  will 
be  met  hereafter  (lactic  acids).  These  isomerides  are  known 
as  stcrcO'isoiticridcs. 

94,  Position-isomerides  that  are  mono-substitution  deriv- 
atives of  a  hydrocarbon  have  only  been  found  to  exist  i;i 
those  cases  where  the  carbon  atoms  in  the  nucleus  are  not 
all  simdarly  united  to  each  other.  Thus,  two  monobro- 
moethaues  CJIJh  have  never  been  prepared,  and  it  is  con- 
cluded that  more  than  one  cannot  exist,  because,  since  there 
are  only  two  carbon  atoms  in  the  nucleus,  these  must  be 
similarly  united  to  each  other.  There  can,  however,  be  two 
monobromopropanes  C^H^Br^  because  the  carbon  nucleus 
contains  three  carbon  atoms,  one  of  which  is  united  with  two 
other  carbon  atoms  and  two  hydrogen  atoms,  while  each  of 
the  other  two  are  only  united  to  one  other  carbon  atom 
and  to  three  hydrogen  atoms;  thus,  H^CCII^-CHDr  and 
H^C'CHBr-CH^  may  Ixj  expected  to  be  different  from  each 
other,  probably  because  the  center  of  gravity  of  the  mole- 
cule  of  each  is  not  the  sanu,  owing  to  the  difference  in  the 
point  of  attachment  of  the  bromine  atom.  That  these  tw  ) 
compounds  exist  there  is  no  doubt,  and  that  they  have  thj 
formulas  ascribed  to  them  is  rendered  highly  probable  from 
the  methods  of  their  formation,  which  will  bj  presently 
discussed. 

From  what  has  been  said,  it  will  be  understood  that  the 
fact  that  only  one  mono-substitution  product  of  benzene  can 
be  found  to  exist,  no  matter  what  the  substitution  clement  or 
radical  may  be,  is  strong  support  in  favor  of  similar  linking 
between  all  the  carbon  atoms,  and  of  the  svm metrical  struc- 
ture  of  the   molecule.     Thus,  monobromobenzcne  CJI,  Br 

'  G  Li 
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can  be  prepared  in  different  ways,  but  it  always  possesses 
exactly  the  same  properties. 

It  can,  of  course,  be  assumed  that,  in  the  various  methods 
of  preparation,  the  Br  atom  is  always  substituted  for  the 
same  identical  //  atom,  and  thus  linked  to  the  same  carbon 
atom,  and  that  if  it  were  possible  to  attach  it  to  some  other 
one  of  the  six  C  atoms,  a  different  monobromobenzcne 
would  result.  The  following  line  of  argument,  involving 
reactions  which  the  student  will  fully  comprehend  later, 
refutes,  however,  this  objection.  Monobromobenzcne  is  pre- 
pared by  the  direct  action  of  bromine  on  benzene,  and  may 
have  been  formed  by  the  substitution  of  Br  for  any  one  of 

the  six  //  atoms  in  the  benzene  ring  (see  Fig.  27).     Assume 

1 
that  //  has  been  replaced,  so  that  the  product  may  be  repre- 
sented as 

S    3    4    ft    8 

C^BrHHIfllH 

V>Y  treating  this  with  IIXO^,  the  compound  CJi^Br  (AY^,) 
is  pnKluccd,  and  it  is  reasonable  to  admit  that  the  second  // 
atom  wliich  has  l)een  replaced  by  the  NO^  cannot  be  the 
s:inic    //  atom    as   was   replaced    by    the    Br    beforehand. 

Assume   that   //  has  been  replaced  by  A V,;  the  nitro-com- 

])oun(l  will  then  l)c 

3    4    .^    6 

CJ'^r{XL\)IfHIIJI 

By  trcatin^^   this  compoimd  with  nascent  hydrogen,  two 

reactions  lake  j)]acc,  tlic  chief  one,  for  the  present  purpose, 

lu'inic  llic    rc])laccment  of   the  bromine   by   hydrogen.      In 

1 
other  wonls,  //  is  put  back  into  the  compoimd  again,  and 

\vc  have 

1  3    4    r,    0 

cji{X(\^innfii 

T)y  means  of  twc)  reactions  which  will  be  studied  later  on, 

it  is  a  c()m]>aralively  simple   matter  to  replace  the  radical 

X(\^  by  bn^mine;  this  done,  we  ol)lain 

1         'A    I   .")   r, 
CJinrllJIIIU 

or  a   monobromobenzcne,   in   which   the  bromine  certainly 
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replaces  a  different  hydrogen  atom  from  that  replaced  by 
direct  substitution.     The  products  are,  however,  found  to  be 

1  2 

identical,  proving  that  whether  //  or  H  is  replaced  by  Br^ 
the  same  substance  is  produced. 

95.  The  cases  of  position -isomerism  among  poly-sub- 
stitution derivatives  of  hydrocarbons  are  very  numer- 
ous. Two  dibromo  derivatives  of  ethane  are  known; 
namely,  CIIJ^rCHJ^r  and  CH^-ClIBr^,  It  has  been 
found  that  there  are  four  dibromopropanes  CJlJyr^,  which 
it  is  assumed  may  be  represented  by  the  folhnving  four 
formulas:  (1)  CH^Br^CH^-CH^Br',  (2)  Cff^^CHBr^CHJ'yr^, 
(3)  CrL.Cfl^.CHBr^X  and  (4)  CII^-C  Br^.CII^.  Only 
two  other  methods  of  writing  this  formula  are  possible; 
namely,  (o)  CHJ^r^CHBr-CH^  and  (r.)  CIIBr^.CIf^'CIf^\ 
but  on  analyzing  these  last  two  formulas  the  student  will 
readily  perceive  that  in  formula  5  the  bromine  atoms  are 
attached  to  carbon  atoms  that  are  the  siime,  so  far  as  their 
linking  to  other  atoms  is  concerned,  as  the  carbon  atoms 
to  which  the  Br  atoms  are  attached  in  formula  2,  and  that 
there  is  the  siur.e  similarity  between  formula  G  and  formula 
3.  It  is  evident  that  if  the  numlx^r  of  carbon  atoms  in  the 
open- chain  hydrcx:arbon -nucleus,  or  the  numb;.^  of  substitu- 
ting bromine  atoms,  be  increased,  the  number  of  ways  in 
which  the  formula  c:m  be  written,  so  that  this  is  essentiallv 
different  each  time,  will  Ixj  incn-asjd.  It  has  been  supposed 
as  many  isomerides  may  exir.t  as  there  are  essential 
differences  in  the  formulas  which  can  be  written  for  tlie 
compoimd.  While  many  isomerides,  thus  theoretically 
constructed,  have  been  actually  p-cparcl,  the  numl)er 
undiscovered  is  large  enough  to  cause  some  hesitancy  in 
accepting  the  supposition.    ' 

96.  In  the  case  of  benzene,  the  poly-substitution  prod- 
ucts have  been  thoroughly  examined.  Most  of  the  di-sub- 
stitution  products  are  knowm  in  three  isomeric  forms,  but  no 
di-substitution  product  of  benzene  has  been,  so  far,  prepared 
in  more  than  three  isomeric  forms. 
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Thus,  although  benzene  yields  only  one  mono-substitution 
product,  it  is  capable  of  forming  three  di-substitution  prod- 
ucts, in  each  of  which  two  atoms  of  hydrogen  are  replaced 
by  cither  radicals  or  elements. 

There  exist,  for  instance,  three  dibromobenzenes,  all 
having  the  formula  C^H^Br^,  and  are  therefore  strictly  iso- 
meric, and  yet  having  different  properties.  There  are  also 
three  dinitrobenzenes  C\//^{NO^)^  as  well  as  three  benzene 
disulphonic  acids  C^Hji^SO^H)^,  and  such  compounds  form 
perfectly  distinct  series,  so  that,  if  they  be  distinguished  as 
a,  h^  and  c  compounds,  a-dibromobenzcne  will  yield  a-dinitro- 
bcnzcne  and  a-benzcne  disulphonic  acidy  while  b  and  c  dibro- 
viobcnzcncs  will  also  yield  their  proper  derivatives. 

In  order  to  obtain  a  reasonable  explanation  concerning  the 
existence  of  these  three  isomeric  di-substitution  products,  it 
becomes  necessary  to  assume  that  different  pairs  of  hydrogen 
atoms  in  benzene  have  different  chemical  values,  and  that 
the  proix^rties  of  the  di-substitution  products  depend  upon  the 
particular  pair  of  hydrogen  atoms  replaced  by  the  substitu- 
tion radical.  In  order  to  investigate  this,  it  became  neces- 
sary to  orient  (a  term  l)()rrowed  from  the  vocabulary  of 
survcyini;)  the  plan  of  the  benzene  formula  ;  that  is,  to  mark 
the  situation  or  bearing  oi  its  different  parts. 

To  etTeet  this  (orientation  of  the  benzene  ring,  it  is  neces- 
sary to  distini^iiish  the  carbon  atoms,  for  which  purpose  they 
are  numbered  consecutively,  as  on  a  watch  face,  and  as 
shown  in  Fig.  '28. 

^  The  pairs  of  hydrogen  atoms  occupying  places 

g  /^-^  2    1  and  ;?,  2  and  -V,  S  and  .{,  ^  and  5^  5  and  tf,  and  G 

11  j      and  y,  hear  tlic  same  relation  to  the  figure,  and  arc 

j^\  ^S    therefore  of  c(|ual  value,  so  that  whichever  pair 

4  is  replaced  by  other  radicals,  the  di-substitution 

^''''-  ^'        produets  will  be  identieal. 

Again,  1  and  //,  .2  and  7/,  .7  and  .-7,  J,  and  ^7,  5  and  7,  6  and  2, 
being  alternate  atoms,  bear  the  same  relation  to  the  figure, 
and  their  re])^acement  would  give  rise  to  identical  di-substi- 
tution produets. 

But  consecutive  atoms  such  as  1  and  2,  or  2  and  3^  have  a 
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different  relation  to  the  figure  from  that  belonging  to  alter- 
nate atoms,  such  as  1  and  3^  2  and  ^  so  that  the  replacement 
of  two  consecutive  atoms  of  hydrogen  would  give  one  kind 
of  derivative  (which  we  might  call  the  a  substitution  prod- 
uct), and  that  of  two  alternate  hydrogen  atoms  would 
produce  another  kind  (which  might  be  called  the  b  substitu- 
tion product). 

Lastly,  the  pairs  1  and  ^,  2  and  5,  and  3  and  6  have  the 
same  relation  to  the  figure,  and  when  replaced  by  radicals 
would  give  identical  products,  but  these  would  differ  from 
the  a  as  well  as  from  the  b  products,  and  might,  therefore, 
be  called  c  products. 

It  will  be  seen  that  the  above  list  exhausts  all  the  possible 
pairs  of  hydrogen  atoms,  and  that  there  can  be  positively 
only  three  di- substitution  derivatives  of  benzene.  It  has 
become  customary  to  employ  the  terms  ortho^  mcta^  andpara^ 
respectively,  instead  of  the  letters  a,  b,  and  c  used  above. 
That  is  to  say,  when  alternate  hydrogen  atoms  are  replaced, 
the  product  is  called  a  meta  compound ;  when  opposite  hydro- 
gen atoms  are  replaced,  the  product  is  termed  a  para  com- 
pound;  and  ^h^n  adjacent  hydrogen  atoms  are  replaced,  the 
product  is  known  as  an  ortho  compound.  This  is  sometimes 
denoted  by  figures  appended  to  the  formula  ;  thus  dibromo- 
benzcne  (1:2)  is  orthodibrotnobenzene ;  (1:3)  is  metadibro- 
mobcnzcne ;  and  (1  :  4)  is  paradibromobenzene^  all  of  which 
have  the  same  formula,  C^HBr,, 

The  fact  that  there  are  only  three  di-substitution  products 
of  benzene  constitutes  the  main  objection  to  Kckulc^'s  for- 
mula. It  is  not  in  accord  with  experience  obtained  from  the 
open-chain  compounds,  that  a  substitution  derivative  con- 
taining the  substituent  groups  attached  to  carbon  atoms 
doubly  linked  together  should  be  identical  with  one  that 
contains  the  groups  attached  to  singly  linked  carbon  atoms  ; 
thus  1 : 2  dinitrobenzene  should  differ  in  properties  from 
6:1  dinitrobenzene,  though,  as  a  matter  of  fact,  they  are 
identical,  and  four  di-substitution  products  arc  not  known. 
Professor  Kekul^  got  over  these  objections  by  assuming  that 
the  ring  is  in  a  state  of  constant  vibration,  the  double  and  single 
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links  constantly  changing  places.  Several  other  formulas 
have  been  proposed  to  overcome  these  difficulties,  notably 
the  so  called  central  fonmila  of  Clans,  the  conception  under- 
lying which  will  be  understood  from  Fig.  20. 

An  argument  in  support  of  this  formula  is 

tl:e  high  resistance  shown  by  benzene  and 

■^<^j<^     ^^B     some  of  its  substitution  products  to  direct 

oxidation    (by    alkaline    permanganate,    for 
^     ^  instance),  thus  indicating  that  cthylcnic  link- 

ing— ^i.  c,  carbon  doubly  linked,  as  in  ethyl- 
FiG.  29.  ene— docs  not  occur.      On  the  other  hand, 

many  addition  products  of  benzene,  in  which  all  the  carbon 
atom-fixing  powers  are  not  satisfied,  are  so  easily  oxidized 
that  ethylenic  linking  may  be  supposed  to  exist  in  them. 
Hiiycr  believes  in  the  existence  of  ethylenic  linking  in  some 
b.nzenL*  compounds  and  of  central  or  para-linking  (as  shown 
in  Fig.  "IKS)  in  others. 

Pending  a  better  knowledge  as  to  the  disposition  of  the 
fourth  atom-linking  power  of  each  carbon  atom,  the  majority 
of  chemists  prefer  to  represent  benzene  compounds  as  derived 
from  a  plain  hexagon. 

J)7.     Tri-substitiition  derivatives  of  benzene,  in  which  the 

same  radical  is  siibsiiiutcil  for  all  three  atoms  of  hydrogen 
arc  found  to  exist  in  three  isomeric  forms;  thus,  there  are 
three  tribroniobenzenes  CJIJh',^,  distinguished  as  ailjaccnt 
(1  r^  :  3),  syi)inhtrical  (I  :  :> : ."»),  and  asymmetrical  (1:2:  4). 

If  the  substituted  radicals  are  of  two  different  kinds—sav, 
for  instance,  chlorine  aiul  bromine — six  isomerides  may  be 
formed,  and  if  three  diilcrent  radicals  are  introduced — say, 
chlorine,  bromine,  and  XO,^  -ten  isomerides  are  possible. 

Tetra-substitution  derivatives  (if  benzene  may  also  be 
either  adjacent  (1  :  ■■2 :  .'1 :  1),  symmetrical  (1:2:4:5),  or  asym- 
metrical (1  :)]:  4 ;  r»).  Witli  a  single  sul)stituted  radical  only 
these  three  isomerides  are  possible,  but  the  number  of 
compounds  that  may  thus  l)e  formed  increases  rapidly  with 
the  ninn])er  of  different  radicals  substituted. 

The  exjKMimental  investigation  of    the   orientation  of   a 
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benzene  derivative  consists  in  attempting  to  introduce  fresh 
substitucnts  into  the  nucleus,  or  in  replacing  some  substitucnt 
by  hydrogen;  how  this  settles  the  orientation  will  be  readily 
seen  from  the  following  article. 

98.  By  treating  a  dibromobenzene  with  bromine  it  is 
possible  to  convert  it  into  tribromobenzenc.  It  is  found 
that  the  dibromobenzene  which  boils  at  22-4°  yields  two 
tribromobenzenes,  while  that  which  boils  at  219.5°  yields 
three  tribromobenzenes,  and  that  which  boils  at  219°  and 
melts  at  89°  (the  others  melt  at  about  1°)  yields  only  one 
tribromobenzenc.  Now,  an  inspection  of  the  formulas  for 
the  three  dibromobenzenes,  as  written  on  the  plane  of  the 
paper,  will  show  the  1 : 2  dibromobenzene  can  only  yield  two 
tribromobenzenes;  namely,  1:2:3  and  1 : 2 : 4,  since  1:2:5  = 
1:2:4  and  1:2:0  =  1:2:3.  Again,  it  will  be  readily  seen 
that  the  1 : 3  dibromobenzene  can  yield  three  tribromoben- 
zenes; namely,  1:2:3,  1:3:4,  and  1:3:5  (1:3:0  =  1:3:4), 
while  the  1 : 4  dibromobenzene  can  only  yield  one  tribromo- 
benzenc ;  namely,  1:2:4  (or  1 : 3 : 4,  or  1 :  4 :  5,  or  1 : 4 : 0,  all  of 
these  being  identical  with  1:2:4).  The  following  diagram, 
marked  Fig.  30,  will  make  this  more  clear: 


}Br'^ 


Br 


Fig.  30. 

It  is  evident,  of  the  three  known  dibromobenzenes,  that 
must  be  the  1 : 2  compound  which  yields  two  tribromo  dcnva- 
tives;  that  the  1:3  compound  which  yields  three  tribromo 
derivatives;  and  that  the  1:4  compound  which  yields  only 
one  tribromo  derivative. 
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99.  The  orientation  of  the  tri-substitution  derivatives 
may  be  si  milady  settled  by  replacing^  one  of  the  substituents 
by  hydro^^cn,  and  thus  obtaining  one  or  more  di-derivatives. 
If  the  derivative  is  the  1:2:3  compound,  it  will  yield  two 
di-derivatives ;  namely,  1:2  and  1:3;  if  it  be  the  1:3:4 
compound,  it  will  yield  all  three  derivatives;  if  it  be  the 
1:3:5  compound,  it  can  yield  only  one  di-derivative. 

The  orientation  of  certain  derivatives  which  may  be  termed 
standard  derivatives,  having  been  settled  by  investigations 
involving  the  principle  stated  above,  the  orientation  of  any 
new  compoimd  may  be  settled  by  converting  it  into  one  of 
these.  Chief  among  these  standards  are  the  bromo-deriva- 
tives  and  the  carboxylic  acids  (phthalic  acid,  etc.).  Thus,  the 
orientation  of  a  newly  discovered  nitro-derivative  could  be 
settled  by  submitting  it  to  a  treatment  (such  as  indicated  in 
Art.  94),  that  would  replace  the  N^O^  groups  by  Br  atoms; 
a  study  of  the  properties  of  the  bromo-derivatives  thus 
prcKluced  would  decide  its  orientation  and  therefore  that  of 
the  original  nitro-derivative. 

KM).  It  is  to  be  noticed  that  a  polyvalent  element  can 
never  be  substituted  for  several  hydrogen  atoms  in  the 
benzene  nueleus;  thus,  a  compound  having,  for  instance,  the 
e()nii)()siti()n  C./fA^  is  iniknown. 

The  desire  to  foretell  what  compound  will  be  produced 
when  a  benzene  derivative  is  treated  with  a  substituting 
agent,  has  led  to  the  formulation  of  several  rules.  Thus,  it 
has  been  laid  down  that,  when  in  a  compound  C^H^X  \n 
whieh  A'  is  either  XO.,,  or  SO,^iUf,  or  CO  OH,  any  new  radi- 
eal  entering  into  CJf.X\\\\\  take  up  the  mcta  position  to  X. 
If  A'  is  any  other  group,  the  newly  entering  substituent  will 
generally  produce  the  para  derivative,  but  accompanied  by 
a  little  of  the  ortho  and  sometimes  of  the  meta  derivative. 

If  A' is  an  element  or  radical  that  forms  a  compound  AT//, 
capable  of  direct  oxidation  to  HOX,  the  newly  entering  sub- 
stituent will  take  the  meta  position ;  if,  cm  the  other  hand, 
it  is  not  so  capable  of  oxidation,  the  newly  entering  substitu- 
ent will   take  up  the  ortho  and  para  positions.     Thus,  the 
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introduction  of  a  substitiicnt  into  CJIJSI  will  give  ortho  as 
well  as  para  derivatives,  because  HCl  is  incapable  of  direct 
oxidation  to  IIOCl^  while  its  introduction  into  CJl^COOIf 
will  give  a  meta  derivative,  because  IICOOJI  is  capable  of 
direct  oxidation  to  IIO-COOH. 


IIOMOLOOUES  OF  BENZEVE. 

lOl.  Ilomologues  of  benzene  may  be  defined  as  deriva- 
tives of  bens^ene  containing  alkyl  radicals  in  place  of  hydrogen, 
such  substituting  radicals  being  known  as  siiic  chains. 
Mcthylbcnzcnc  {toluene)  CJI^-CII^^  dimcthylbcnzcnc  {xylene) 
C^h\CH^^,  trimethylbenzene  CJl^{CIf^)^,  and  tetramethyl- 
benzene  CJI^Ctl^^^  occur  in  coal  tar;  numerous  others, 
such  a^et/tylbenzene  CJI^CH^'CII^,  methylethylbenzene  CJI^ 
(CIl^)(CH^'CH^y  etc.,  have  been  prepared  synthetically. 

The  residues  of  the  txjnzene  hvdrocarbons,  or  aromatic 
radicals^  are  named  similarly  to  the  alkyl  radicals;  thus, 
corresponding  with  methyl,  ethyl,  and  propyl,  there  arc 
phenyl  CJI^^  methylphenyl,  or  tolyl  CJf^CIf^,  dimethyl- 
phenyl,  or  xylyl  CJf^'(CH^^. 

Toluene  and  xylene  are  the  only  compounds  of  any 
remarkably  practical  importance  among  the  homologues. 
These  hydrocarbons  are  extracted  from  the  coal  tar  obtained 
by  the  distillation  of  coid  in  the  process  of  nianufacturing 
coal  gas.  A  large  quantity  of  the  tar  is  distilled  in  an  iron 
retort,  when  water  passes  over,  holding  salts  of  ammonia  in 
solution,  and  accompanied  by  a  brown,  oily,  (offensive  liquid 
that  collects  on  the  surface  of  the  water.  This  is  the  light 
oil  containing  the  benzene  hydrocarbons.  To  purify  it,  it  is 
shaken  with  caustic  soda  to  dissolve  carbolic  acid  (phenol), 
and  afterwards  with  sulphuric  acid,  which  removes  aniline 
and  other  basic  compounds.  It  is  then  subjected  to  a  process 
of  fractional  distillation,  similar  to  the  process  described  in 
Art  71. 

10!3.  Toluene  CJI^-CH^  w^as  discovered  in  1837  by 
Pelletier  and  Walter.  H.  Deville  obtained  it  by  distilling 
balsam  of  tolu^  hence  its  name.     It  is  always  present  in 
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commercial  benzene.  It  is  a  little  heavier  than  benzene, 
which  it  resembles  in  odor,  but  it  does  not  solidify  even  at 
—  '20^.  It  boils  at  liu^  Benzene  mav  be  converted  into 
toluene  by  first  obtaining  bromobenzene  CJIJ>r  and  treating 
this  with  methyl  iodide  and  sodium,  in  the  presence  of  ether: 

Toluene  is  chiefly  used  in  the  manufacture  of  aniline  dyes 
and  artificial  oil  of  bitter  almonda 

103.  Xylene  CJI^CH^^,  being  a  di-substitution  prod- 
uct, exists  in  three  forms,  but  besides  these  there  is  a  fourth 
hydrocarbcjn  having  the  formula  C^//„.  namely  ethylbenzene, 
which,  however,  is  a  mctameride  of  xylene.  The  portion  of 
the  light  oil  that  distils  at  from  130°  to  141°  contains  about 
70  per  cent,  of  metaxylcne,  20  per  cent,  of  paraxylene,  and 
10  per  cent,  of  orthoxylcnc.  The  mixture  is  used  as  a 
solvent. 

By  shaking  the  mixture  with  If^SO^  of  80-per-cent.  strength, 
the  metaxylcne  is  dissolved  out;  by  treating  the  residue  with 
ordinars^  stroni,^  //SO.  the  orthoxvlcne  is  extracted,  leaving 
the  paraxylene.  The  action  of  the  //^SC\  is  to  convert  the 
xylene  into  a  siil])honic  aci.l  CJ/^(C//^,^'SO^OH,  from 
which  tlie  hydrocarbon  c:in  be  obtained  by  dilution  with 
water  and  distillation.  Ort/ioxyleue  boils  at  from  142°  to 
143°;  metaxylcne  at  l:>:°,  and  paraxylene  at  130°.  By 
oxidation  tliC  methyl  groups  may  bo  successively  con- 
verted into  COO//  groups,  yielding  toliiie  aeid  C^H^(C//^ 
(COO//)  and  pht/ialie  aeui  CJ/^COO//)^.  Each  of  these 
aeids  exists  in  three  forms,  yielded,  resix^ctively,  by  ortho, 
nieta,  and  para  xyLne. 

.^/esitylefie  is  1:3:  .")  trimethylbcnzcnc  (-  c^A^^^s)^ 
obtained  by  the  action  of  sulphuric  acid  on  acetone: 

3(r//.a7.r//)  =  cj/^c//.)^  +  :\//.^o 

It  is  a  liquid  that  boils  at  103',  and  is  metamcric  with 
cnmeiie  or  isopropylbenr:ene  CJ/.'C//{C//.).^.  Durene  is 
1  :  2  :  4  :  5  teirainet/iylbeuzene  and  ])ossesscs  an  odor 
resembling  that  of  camphor;  it  is  metamcric  with  eymcne. 
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or  1:4.  mcthylisopropylbcfizcnc^  CJI^(CH^'CH(CH^^^  which 
is  found  in  oil  of  cummin  and  is  a  product  of  the  dehydra- 
tion of  camphor. 

104.  The  chief  distinction  between  benzene  hydrocar- 
bons and  open-chain  hydrocarbons  is  the  readiness  with 
which  the  former  may  be  converted  into  nitrosubstitution 
products  by  the  action  of  strong  nitric  acid,  and  into  sulphonic 
acids  by  the  action  of  strong  sulphuric  acid.  Moreover,  the 
homologues  of  benzene  easily  undergo  oxidation,  resulting 
in  the  conversion  of  the  side  chains  into  the  carhoxyl  group 
COOH  characteristic  of  acids. 

The  general  methods  employed  in  the  preparation  of  benzene 
hydrocarbons  are  the  following:  (1)  The  distillation  of  the 
corresponding  carboxylic  acid  with  lime,  which  removes  the 
CO^  from  the  carboxyl  group: 

(2)  The  interaction  of  the  bromo-substitution  derivative 
and  an  alkyl  iodide  with  sodium  in  ether: 

CMJ^r-\-C,H^^I+Na^  =  C\//^.CJ/^+  Xa/+NaBr 

{:])  The  interaction  of  a  benzene  hydrocarbon  with  an 
alkyl  iodide  in  the  presence  of  Al,^Cl^,  the  precise  function 
of  which  is,  however,  not  understood : 

C.//.-  CH,  +  267/.a  =  CjaCI/,),  +  -ZHCl 

105.  The  above  benzene  hydrocarbons  contain,  as  side 
chains,  the  residues  of  saturated  open-chain  hydrocarbons. 
There  also  exist  hydrocarbons  containing  residues  of  olefinc 
and  acetylene  hydrocarbons.  The  olcjinc  benzenes  corre- 
spond with  the  general  formula  C„}f.^,^_^^,  and  the  acetylene 
benzenes  correspond  with  the  general  fornuila  C\,ff^,^_  ,^. 

Cinnamene,  styrolene,  or  styrene  CJf^Clf:  Cff^  is  phenyl 
ethylene.     It  is  obtained  by  distilling  cinnamic  acid  with  lime : 

C,H^'CH\  CH'COOH+  Ca^OII)^  =.  C//,+  CaCO^+Hp 
It  can  also  be  prepared  by  distilling  balsam  of  storax,  or 
by  distilling  the  resin  known  as  dragon's  blood  with  zinc 
dust.  Cinnamene  is  a  fragrant  li(|uid  of  specific  gravitv 
.924  and  a  boiling  point  of  145°.      It  resembles  the  olcfine 
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hydrocarbons  in  uniting  directly  with  chlorine,  bromine, 
and  iodine.  When  heated  in  a  scaled  tube  to  200°,  it  is  con- 
verted into  a  transparent  solid  known  as  inctacinnamcne 
or  mctastyrolcniy  which  is  polymeric  with  cinnamene,  into 
which  it  is  reconverted  by  distillation.  When  heated  with 
hydrochloric  acid  to  170°,  cinnamene  is  converted  into 
dicinnamene  t"„//„. 

IVuHylacctylcnc  CJI^'C\  CHis  a  liquid  that  boils  at  14t>°; 
it  yields  the  explosive  silver  and  copper  derivatives  charac- 
teristic of  true  acetylenes. 


IIYl>UOCAlUM>NS  CONTAIXING  MORK  TUAX  ONE  liKNZENE 

NUCXKUS. 

lOO.  Hydrocarbons  containing  more  than  one  benzene 
nucleus  may  be  divided  into  different  groups;  viz.,  (1 )  Hydro- 
carbons containing  benzene  nuclei  directly  united,  as,  for 
example,  diphenyl  CJI^-CJf^.  ('i)  Hydrocarbons  contain- 
ing two  or  three  nuclei  united  by  one  carbon  atom,  as  in 
diphenyl  methane  CJf^'CH^-CJf^  and  triphenyl  methane 
Clf  [CJl)^.  ('-))  Those  that  contain  two  benzene  nuclei  united 
with  two  carbon  atoms,  like  dilx^nzyl  C^H^CII^CIf^CJf^. 
(1)  Those  that  contain  condensed  nuclei,  as  explained  under 
naphthalene  (see  Art.  1  1'-^)  and  anthracene  (see  Art.  114). 

Many  of  the  derivatives  of  these  hydrocarbons  arc  of  impor- 
tance in  the  arts,  but  with  the  exception  of  those  from 
naphthalene  and  anthracene,  the  hydrocarbons  are  not  used 
as  raw  material  for  preparing  theni. 

1  07.  l^ipJicnyl  CJf^-  CJI^,  also  known  Vi%  phenyl  phenyl, 
is  i)r(Kliiee(l  l)y  passing  l)enzene  vapor  through  a  red-hot  tube 
containing  fragments  of  pumice  stone, 

which  is  the  most  convenient  method  of  preparing  it.      It 
may  also  be  obtained  by  treating  bromo  l)enzene  with  sodium : 

It  appears  among  the  last  products  of  the  distillation  of 
coal  tar. 
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Diphenyl  crystallizes  from  alcohol  in  iridescent  scales, 
melts  at  about  70.5°,  sublimes  at  a  higher  temix,»rature,  and 
boils  at  254°.  When  dissolved  in  glacial  acetic  acid  and 
treated    with   chromic    acid,    it  oxidizes   to    benzoic    acid 

Like  benzene,  it  forms  numerous  substitution  derivatives, 
and  since  it  may  be  regarded  as  being  itself  nothing  but  a 
mono-substituted  benzene  containing  phenyl  in  the  place  of 
//,  its  mono-substitution  derivatives  are  really  di-substituted 
benzenes  and  occur  in  three  isomeric  modifications.  Its 
di-derivatives  occur  in  many  forms,  3'  9'  z  a 
for  substitution  may  occur  in  each  4'/  V  /  \^ 
ring.  The  orientation  is  usually  ^  e'  e  s 
expressed  as  shown  in  Fig.  31.  ^'°-  ^• 

Phenyl  tolyls  CJl^^CJI^'^CH^  and  ffiniyl  ditolyh 
C^H^'{jCH^'CJJ^'{CH^  are  examples  of  m<)n<)-sul)stituted 
and  di-substituted  diphenyl ;  the  4  and  4  :  4'  derivatives 
are  the  most  common. 

108,  Diphcnybfuthane  C^H^-CH^-CJf^  is  obtained  by 
heating  a  mixture  of  benzene  (say  G  parts)  and  benzyl 
chloride  (10  parts)  with  zinc  dust  (3  to  4  parts).  It  forms  a 
colorless,  crystalline  mass,  made  up  of  needles,  which 
possesses  an  odor  resembling  that  of  oranges;  it  melts  at 
about  20°  and  boils  at  about  201°.  It  readily  dissolves  in 
alcohol  and  ether.  Chromic  acid  oxidizes  it  to  diphenyl  ketone 
CO{CJI^^.     Passed  through  a  red-hot  tube,  it  yields  diplie- 

nylene  methane:   I         yCH .    Diphenylene  methane  is  found 

C  H^ 

in  the  last  running  in  the  distillation  of  coal  tar  (at  from  300° 

to  305°  C).     It  crystallizes  from  alcohol  with  a  beautiful  blue 

fluorescence.    Oxidation  converts  it  into  diphenylene  ketone. 

Its  melting  point  is  113°  and  its  boiling  point  295°. 

109.  Triphenylmethane  CH{C^H^^  is  obtained  by  heat- 
ing benzal  chloride  with  mercury  diphenyl : 
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or  it  may  also  be  obtained  by  the  interaction  of  chloroform 
and  benzene  in  the  presence  of  Al^Ci^: 

It  crystallizes  in  colorless,  shining  prisms.  It  dissolves 
in  hot  alcohol.  Its  melting  point  is  92°  and  its  boiling  point 
about  3G()^.  The  aniline  dyes  are  derivatives  of  this  hydro- 
carbon. 

110.  Bibeiizyl  C.II,CII,CII,C,H^.— Toluene  can  give 
rise  to  two  hydrocarbon  residues  or  radicals;  namely,  tolyl 
C;//,.  67/,  and  benzyl  CJf^^ C//^.  When  the  chloride  of  the 
latter  radical  CJI^CIIJSI  is  treated  with  sodium,  dibenzyl 
CJl^'  CH^'  ClI^'  CJI^  is  produced,  according  to  the  equation: 

Dibenzyl  has  a  melting  point  of  52°  and  boils  at  about 
'^Ji';  when  subjected  to  oxidation  it  yields  benzoic  acid. 
rnplii'nylcthyli'ni\  also  known  as  stilbcnc  and  toluyknc 
CJI^'Cn.CH^CJI^,  is  formed  by  treating  benzal  chloride 
with  sodium,  according  to  the  equation: 

or  by  ])artially  oxidizing  toluene  or  dibenzyl,  by  passing  it 
over  hot  /V^O.  It  crystallizes  in  prisms,  melts  at  125°,  and 
is  r.(  lublc  in  hoi  alcoliol.  It  contains  true  ethylenic  linking, 
for  tlie  first  action  of  bromine  on  it  is  the  formation  of  the 
(libromide  6  ,//,•  C///>r.  C  7//>V-  CJf,,.  Diplunylacctylcne,  or 
tiJauc  C  II  C  C'C  //,  is  formedbv  boiling  stilbcnc  dibromide 
witli  alcoholic  potash.  It  melts  al  GO"  and  behaves  generally 
as  an  acetylene. 

111.  Xaphthalene. — Xaphtlialcn  j  C\JI^  was  discovered 

by  Ciarden  in  1S2(),  in  coal  tar.  Its  composition  was  deter- 
mined by  Faraday,  and  its  properties  and  transformations 
were  principally  investigated  by  Laurent. 

Naphthalene  is  a  frequent  product  of  the  action  of  heat 
on  organic  matter  rich  in  carbon.  It  is  formed  by  passing 
the  vapors  of  alcohol,  ether,  acetic  acid,  volatile  oils,  benzene, 
|X)troleum,  etc.   through  red-hot  tubes,  and  also  by  treating 
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ethylene  and  acetylene  in  the  same  manner.  It  is  found 
in  coal  tar,  and  sometimes  occurs,  in  pipes  used  for  gas  made 
by  raising  naphtha,  gasoline,  etc.  to  high  temperatures.  It 
has  been  prepared  synthetically  by  conducting  phenyl -buty- 
lene  bromide  over  highly  heated  lime  : 

and  by  conducting  isobutyl  benzene  over  lead  oxide ;  viz. : 

Naphthalene  is  prepared  on  a  large  scale  from  those  por- 
tions of  coal  tar  that  boil  between  180°  to  220°.  This  mate- 
rial is  treated  with  caustic  soda  and  then  with  sulphuric  acid, 
and  distilled.  Naphthalene  is  a  transparent,  crystalline  body, 
possessing  a  pleasant,  gas-like  odor.  It  melts  at  80°,  is  inflam- 
mable, and  burns  with  a  smoky  flame.  It  sublimes  readily. 
It  is  insoluble  in  water,  but  is  soluble  in  boiling  alcohol,  ben- 
zene, and  ether. 

In  its  chemical  relations,  naphthalene  is  closely  connected 
with  benzene,  but  it  shows  a  greater  disposition  to  form 
addition  products  with  chlorine  and  bromine,  with  which  it 
also  yields  numerous  substitution  products.  Naphthalene 
absorbs  chlorine,  forming  a  yellow  liquid  known  as 
naphthalene  dichloride  C^JIjCl^^  and  a  crj^stalline  solid, 
known  as  naphthalene  tetrachloride  C^^H^Cl^.  The  non- 
appearance cf  a  compound  having  the  formula  C^^HjCl^  is 
in  accordance  with  the  law  of  even  numbers  mentioned  in 
Art.  63. 

Naphthalene  is  used  for  making  phthalic  acid,  into  which 
it  is  converted  by  oxidation;  it  is  used  for  increasing  the 
illuminating  value  of  coal  gas,  and  as  an  insecticide  (as,  for 
example,  in  the  manufacture  of  moth  balls).  Many  of  its 
derivatives  are  used  for  making  synthetic  dyes. 

11!3«  Constitution  of  Naphthalene. — The  similarity 
of  the  behavior  of  naphthalene  and  benzene  strongly  indi- 
cates an  analogous  structure  for  these  two  hydrocarbon  com- 
pounds, and  since  by  oxidation  naphthalene  yields  a  benzene 
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dicarboxylic  acid  CJIJ^COOH)^^  as  seen  from  the  follow- 
ing equation : 

which  contains  the  benzene  residue  C,//^,  it  must  be  taken 
for  granted  that  C^^H^  contains  a  benzene  ring.  In  this  way 
we  are  able  to  account  for  six  of  the  ten  carbon  atoms  this 
compound  contains;  further,  two  of  the  remaining  four  car- 
bon atoms  must  be  attached  directly  to  two  carbon  atoms  of 
the  benzene  ring,  otherwise  a  dicarboxylic  acid  could  not 
have  resulted  from  the  oxidation.  Moreover,  since  the 
dicarboxylic  acid  thus  obtained  has  been  found  to  be  phthalic 
acid,  which  is  believed  to  have  the  carboxyl  groups  attached 
to  adjacent  carbon  atoms  of  the  ring,  the  two  carbon  atoms 
must  be  attached  to  the  benzene  ring  in  the  ortho  position. 
The  two,  so  far,  unaccounted  carbon  atoms  are  believed  to 
j»         ji  form  a  closed  chain  with  the  two  atoms 

jj^-^^V  x^^'^  j^  just  considered.    Leaving,  at  present,  the 
I  II  I      evidence  for  this  belief  aside,  the  formula 

3*'^^  ^^\  ^^    ^^  which  it  gives  rise  maybe  regarded  as 
df'         4  consisting  of  two  benzene  rings,  which 

Fio.  32.  ^^Q  condensed  in  such  a  manner  that  they 

possess  two  carbon  atoms  in  common.     Fig.  32  shows  the 
construction  of  naphthalene  for  orientation;  to  avoid,  how- 
ever, the  representation  of  cthylenic  link-  ^ 
in^,  it  has  become  customary  to  repre-     iji^^^^^^V  f^ 
sent  the  structure  in  the  way  shown  in       |  I  | 

That  naphthalene  consists  of  two  ben-  #'  4 

zene  nuclei  as   represented   by  the    for-  P'^-  83. 

inula  is  supported  by  the  foil owini^  facts:  When  nitronaph- 
thalenc  C\J/^X(\  is  oxidized,  nitrophthalic  acid  is  obtained 
accordin,ic  to  the  equation: 

From  this  reaction  it  is  evident  that  the  nitro  group  NO^ 
in  nitronaphthalene  is  in  a  benzene  rin^,  whether  there 
exists  a  second  benzene  ring  or  not,  and  we  may  assume  that 
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this  nitro  group  occupies  the  position  i'  in  the  formula 
shown  in  Fig.  32.  By  reducing  this  same  nitronaphthalene 
it  becomes  amidonaphthalene  C,//,(iV//,)(C,//,)„  which 
means  that  the  amido  group  NH^  now  occupies  the  same 
position  the  nitro  group  NO^  previously  held.  If  we  then 
oxidize  this  amidonaphthalene  according  to  the  equation : 

C.7/.(iV^//.)(C./^.).  +  12C? 
=  C,HXC00H\-\'2C0,-\'HN0,  +  H^0 

we  do  not  obtain  amidophthalic  acid,  but  simply  phthalic 
acid  C^Hji^COOH)^  by  itself.  Since  an  oxidizing  action 
cannot  replace  NH^  by  //,  it  must  be  concluded  that  it  is 
the  ring  in  which  the  NH^  group  was  situated  that  has 
been  removed  by  the  oxidation,  and  yet  a  benzene  ring  com- 
pound (phthalic  acid)  has  been  left,  showing  conclusively 
that  naphthalene  must  have  contained  two  of  these  benzene 
rings. 

A  little  consideration  will  show  that  only  two  isomcrides 
of  every  mono-substitution  product  exist ;  this  is  in  accord 
with  the  formula,  for  it  will  be  seen  that  while  the  carbon 
atoms  1,  1',  4,  and  4'  are  similarly  situated  towards  the 
whole  molecule,  they  are  differently  situated  from  2,  2',  3, 
and  3',  which,  however,  are  similarly  situated  towards  the 
whole  molecule.  When  a  substituent  takes  up  any  of  the 
first-named  positions,  it  is  termed  an  a*  dcrivatwc^  while  the 
other  positions  yield  P\  derivatives.  It  will  be  found  that  10 
di  and  14  tri-derivatives  are  possible;  all  the  mono,  di,  and 
tri-chloronaphthalenes  are  known  and  orientated,  so  that  the 
orientation  of  a  new  derivative  may  be  settled  by  its  conver- 
sion into  one  of  these. 

The  general  formula  for  the  naphthalene  hydrocarbons  is 

113.  Examples  of  members  of  the  homologous  series 
are  methyl  naphthalene  C^Ji^-CH^  and  ethyl  naphthalene 
C^JI^'CJi^.     These  are  liquid  even  at  low  temperatures, 

♦  a,  called  alpha,  the  Greek  letter  for  our  a, 
t  /3,  called  beta^  the  Greek  letter  for  our  b. 
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and  are  constitutents  of  coal  tar.     Rthenc  nafhthalcne^  i.lso 

known   as  accnaphthenc  C^JI^  I        is  formed  by  passing 

ethylnaphthalcne  throu^jh  a  red-hot  tube,  when  hydrogen 
is  Separated.  It  also  occurs  in  small  quantity  in  coal  tar. 
It  crystallizes  from  fusion  in  flat  prisms  and  from  hot  alco- 
hol in  long  needles.  It  melts  at  95**  and  boils  at  277°.  It 
is  sparingly  soluble  in  cold  alcohoL  Acenaphthene  forms 
with  picric  acid  the  compound  C^^H^^^C^H^(^XO^fiHy  which 
ciy-stallizes  from  alcohol  in  long  needles,  melting  at  about 
101°.  By  oxidation  with  chromic  acid,  acenaphthene  is  con- 
verted   into    naphthalic    acid.      Acetylene   naphthalene^   or 

acenaphthylene^  C^Jf^  II      is   obtained   as    a  fusible    solid 

by  passing  the  vapor  of  acenaphthene  over  gently  heated 
lead  oxide  which  removes  //,.  It  dissolves  readily  in 
alcohol,  from  which  it  crystallizes  in  yellow  tablets.  Its 
picric  acid  compound  forms  yellow  needles.  By  chromic  acid 
it  is  oxidized  to  naphthalic  acid.  Dinaphthyl  C^JI^-C^JI^  is 
])n)dnccd  wlicn  vapor  of  naphthalene  is  passed  through  a 
red-hot  tube: 

1  !■  "  ""111  t 

It  is  also  formed  by  the  nxi(lizin*^aetionof  J/;/(?,with/^,.SY^^ 
(^n  naphllialeiie,  and  l)y  decomposins^bromo  naphthalene  with 
s^Klium.      It  forms  s<:alv  crvstals  that  melt  at  154°. 

1  1  4,  Anlhiiiccno. — Aiuhracene  C^Jf^^^,  which  is  a  solid, 
is  i)rei)ared  in  lar^e  quantity  from  tliose  portions  of  coid  tar 
that  boil  between  iUo  "  and  'M'Ay\  The  distillate  is  redistilled, 
and  tliat  wliieh  remains  in  the  retort  after  the  temperature 
has  reaehud  \\M)°  is  crvstallized  and  sublimed.  It  is  difficult 
to  obtain  it  that  way  in  a  perfectly  pure  state.  Anthracene 
has  been  prei)are(l  synthetically  from  benzene  derivatives  by 
the  folhAvin,!^  dilTerent  methods: 

1.  By  jxissin^'-  toluene  vapor  throu^i^h  a  red-hot  tube  con- 
taining pumice  stone  to  expose  a  lar^e  heated  surface: 
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2      By  heating  benzyl  phenol  with  phosphorus  pentoxide : 

•2C,H,CH^C\HX0H)  =  C\//„+  C,H.+  C.H,(OH)  +  H,0 

3.     By  heating  ortho-bromo-benzyl  bromide  with  sodium. 

6-.yV.<^f  •  ^''+  frN  C>  ^'"<  +  ^^^'^ 

3 

=  C,H^<  ^JIj>  C,H,  +  \NaBr  +  //. 

The  formation  of  anthracene  from  ortho-bromo-benzyl 
bromide  furnishes  strong  proof  in  favor  of  the  view  that 
anthracene  consists  of  two  groups  of  C^H ^,  united  by  the 
group  C,//,,  thus:  CJl^C^H^-CJi^.  The  CJi^  groups  con- 
stitute two  benzene  rings,  while  the  central  carbon  atoms 
may  be  regarded  as  the  residue  of  a  third  ring  that  has  two 
carbon  atoms  in  common  with  each  of  the  other  rings.  This 
conception  may  be  expressed  as  shown  in  Fig.  34. 

The  orientation  of  anthracene- 
substitution  products  is  expressed         ^  ^  ^ 
similarly  to  that  of  naphthalene    BV         q"^  •  ^c?  cm 
derivatives.     Three  mono-substi-   ^q          \,      I  '    I?  rir 
tution  products  are  possible;  viz.,        ^c^  ^  c  "^  ^  c^ 
the  a  and  jS  naphthalene  deriva-                                       ^ 

Pio.  34. 

tives,  and  the  y*  or  ineso-deriva- 

tives,  which  contain  a  substituent  in  place  of  the  H  of  one 

of  the  central  carbon  atoms. 

Anthracene  crystallizes  in  colorless  tablets  exhibiting  a 
fine  blue  fluorescence.  It  dissolves  sparingly  in  alcohol  and 
ether  and  easily  in  hot  benzene.  It  melts  at  213**  and  distils 
at  about  300°.  Its  solution  in  benzene  yields  with  picric  acid 
the  compound  C Ji ^^C ^H J^NO^fi^  which  crystallizes  in  red 
needles. 

A  cold,  saturated  solution  of  anthracene  in  benzene  exposed 
to  sunshine  dep)osits  tabular  crystals  of  an  isomeric  modifica- 
tion, C,,//,„,  called  paranthraccuc.      It  does  not  fuse  until 

*  y  (gamma),  the  third  letter  in  the  Greek  alphabet  and  corresponds 
with  our  letter  c. 
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heated  to  244^,  when  it  is  converted  into  anthracene.  It  is 
nearly  insoluble  in  benzene,  and  is  not  attacked  by  either 
nitric  acid  or  bromine. 

115.  Phenanthrene  C„/^„  is  isomeric  with  anthracene, 
which  it  accompanies  in  coal  tar.  It  is  more  soluble  in 
petroleum  spirit  and  in  alcohol  than  in  anthracene;  the 
former  solvent  serves  to  separate  it  from  the  bulk  of  the 
crude  anthracene,  the  separation  being  finished  by  fractional 
distillation.  It  is  used  for  making  black  dyes.  It  melts  at 
130°  and  boils  at  340^ 

Phenanthrene  is  formed  when  stilbene  or  orthoditolyl  is 

passed  through  a  red-hot  tube;  since  stilbene  is  known  to 

contain  cthylenic-linkcd  carbon  and  ditolyl  to  be  a  diphenyl 

derivative,  it  is  assumed  that  phenanthrene  has  the  constitu- 

CJI^CII 
tion  I  II      which  is  confirmed  by  the  fact  that  its  oxida- 

CJI.CH 

tion  yields  diphenic  acid    .s'    *   ,.^  ^.,. 

Rcianc  C^Jf^^  is  a  wcihylisopropylphenanthrcnc  found  in 
wood  tar.  Pyretic  C^Jf^^  and  chryscne  C^Jf^^  are  final  prod- 
ucts frpm  coal-tar  distillation. 


TKKPKXK  II V niUK'ARHOXS. 

116.     Oil  of  Turponlino.  — Oil  of  turpentine  C,,//,.  is 

obtained  by  distillin.t,^  the  turpentine  of  commerce  with 
water.  Turpentine  is  a  mixture  of  resin  and  essential  oil, 
and  flows  from  incisions  made  in  the  trunks  of  trees  of  the 
coniferous  family  Piuiis,  Ahiis,  J'^iciui^  Larix.  When  this 
resinous  substance  is  distilled  with  water,  the  oil  passes  over 
and  the  resin  remains;  the  latter  is  then  known  as  r^A?/>//(?;//, 
or  rosi)i  (\Jf^/\^. 

Oil  of  turpentine  is  a  colorless,  m(>bile  liquid,  having  a 
]X'Culiar  odor  and  a  boilincc  point  of  \T)>>''.  It  is  insoluble  in 
water,  but  s(^luble  in  all  ])ro])ortions  in  alcohol  as  well  as  in 
ether.      It  burns  with  a  smoky,  hmiinous  llamc.      Its  property 
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of  dissolving  resins  and  fats  renders  it  useful  in  preparing 
paints  and  varnishes.  It  is  also  a  good  solvent  for  caout- 
chouc. According  to  their  origin,  the  turpentines  exhibit 
certain  peculiarities,  especially  in  their  action  upon  polarized 
light.     The  following  are  the  most  important  varieties: 

1.  American  oil  of  turpentine  is  obtained  from  the  tur- 
pentine of  Pinus palustratis.  It  rotates  the  plane  of  polar- 
ization to  the  right. 

2  English  oil  of  turpentine  is  derived  from  the  Pinus 
australis,  and  is  also  dextrorotary. 

3.  French  oil  of  turpentine  is  obtained  from  the  Pinus 
maritima  ;  it  yields  an  oil  that  turns  the  plane  of  ix)larization 
to  the  left. 

4.  German  and  Russian  oil  of  turpentine  is  distilled  from 
the  turpentine  of  Pinus  sylvestris.     It  is  levorotary. 

5.  Venetian  oil  of  turpentine  comes  from  the  exudation  of 
Larix  Europcea  and  is  also  levorotary. 

Oil  of  turpentine  is  the  representative  of  a  large  class  of 
hydrocarbons  called  terpenes^  derived,  like  itself,  from  the 
vegetable  kingdom.  All  the  members  of  this  group  contain 
the  same  proportions  of  carbon  and  hydrogen,  and  the 
greater  number  have  the  same  molecular  formula  as  turpen- 
tine, i.  c.,  C^^H^^,  The  terpcnes  resemble  each  other  in  their 
liability  to  suffer  conversion  into  their  isomerides,  in  their 
solidification  by  absorption  of  oxygen  when  exposed  to  air, 
and  in  their  tendency  to  combine  with  hydrochloric  acid  to 
form  crystalline  compounds. 

117,  The  essential  oils  of  hcrgamot,  birch,  camomile, 
caraway,  hops,  juniper,  lemon,  myrtle,  nutmeg,  orange,  pars- 
ley, pepper,  savin,  thyme,  tolu,  and  valerian  are  all  terpeucs 
or  mixtures  of  terpenes  of  the  formula  C\Jl^^,  and  arc  gen- 
erally accompanied  in  the  natural  oil  by  the  product  of  its 
oxidation,  bearing  a  relation  to  the  hydrocarbon  similar  to 
that  which  colophony  bears  to  tur^K^ntinc.  Essential  oil  of 
poplar  \s  a  diterpene  C\Jf^y  The  oils  of  calamus,  cascarilla, 
cloi^eSy  cubebs,  patchouli,  cedar,  and  roscicood  are  sesqui- 
terpenes y  having  the  formula  C\Jl^^. 
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The  essential  oils  are  generally  extracted  from  the  flowers, 
fruit,  leaves,  or  seed,  by  distillation  with  water,  the  portion 
of  the  plant  selected  for  extraction  being  suspended  in  the 
still  by  means  of  a  bag,  to  prevent  it  from  being  scorched 
by  contact  with  the  hot  sides  of  the  still,  and  thus  contami- 
nating the  distillate.  The  water  which  distils  over  always 
holds  a  little  of  the  essential  oil  in  solution,  and  it  is  in  this 
way  that  the  fragrant  distilled  waters  of  the  druggists  are 
obtained.  When  the  essential  oil  is  present  in  large  propor- 
tion, it  is  collected  as  a  separate  layer  on  the  surface  of  the 
water,  from  which  it  is  easily  decanted.  The  oil  that  is  dis- 
solved in  the  water  may  be  separated  from  it  by  saturating  the 
licjuid  with  ordinary  salt  XaC7y  when  the  oil  rises  to  the  sur- 
face, or  by  shaking  it  with  ether,  which  dissolves  the  oil  and 
separates  from  the  water,  the  ethereal  solution  floating  on  the 
surface,  and  leaving  the  oil  after  the  ether  is  distilled  off. 

In  certain  cases,  like  that  of  jasmine,  for  instance,  where 
the  extremely  delicate  perfume  of  the  flower  would  natu- 
niUy  be  injured  by  anything  like  a  high  temperature,  the 
llowcrs  are  pressed  between  layers  of  suet,  which  thus  acquires 
a  powerful  odor  of  the  flower.  Carbon  disulphide  is  also 
sometimes  employed  as  a  solvent  for  extracting  the  essen- 
tial oils. 

lis.  All  tlie  terjX'Rcs  may  be  considered  as  polymerides 
of  the  fornuila  ( '  // .  A  hydrocarbon  having  this  formula  and 
bcloni:,nni^^  to  tlie  diolcfines  (see  Art.  85)  is  called  isoprcnc^ 
antl  apjicars  tohavc  the  constitution  T//, :  C\C  H^)'CH :  C//^\ 
many  ter])enes  yield  isoprene  when  heated,  and  isDprene 
])olymerises  to  terpenes. 

Many  of  the  terpenes  yield  1  :4  benzene  dicarboxylic  acid 
(terephthalic  acid)  when  oxidized,  thus  indicating  that  they 
contain  a  benzene  nucleus,  whieh  j-jrobably  contains  two 
alkyl  groii]:)s  in  the  1  :  4  ])ositions.  Moreover,  when  dehy-  ' 
drogenized,  they  yield  cvjfii'ni\  as,  for  instance,  when  oil  of 
turpentine  is  heated  with  iodine;  eymene  is  1:4  methyliso- 
])ropyll)enzene  (see  Art.  1  ()#$),  and  tlierefore  contains  two// 
atoms  fewer  than  the  true  terpenes  contain.      The  conclusion 
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is  drawn  from  these  facts  that  the  tcrpcnes  are  isomeric 
modificationsof  cymenedihydride  //, :  6  „//^(6  //,)•  67/(67/,)/, 
it  is  further  supported  by  the  discovery  that  a  cymene  dihy- 
dride,  which  has  been  synthetically  prepared,  has  all  the 
properties  of  a  terpene.  Much  discussion  concerning  the 
occurrence  of  ethylenic  linking  in  the  benzene  nucleus  of 
the  terpenes  has  taken  place ;  some  of  the  terpenes  are  capa- 
ble of  combining  directly  with  two  atoms  of  //r,  indicating 
the  presence  of  one  ethylenic  linking  in  the  benzene  nucleus, 
the  remaining  affinities  of  the  carbon  being  probably  dis- 
posed of  as  para  linkings;  while  others  combine  directly 
with  four  atoms  of  Br  and  thus  appear  to  ]>ossess  two  ethyl- 
enic linkings.  Most  of  them  combine  with  NOCl  to  form 
compounds  C^Ji ^^-NOCL 

The  majority  of  the  terpenes  are  optically  active — that  is, 
they  rotate  the  plane  of  polarization  of  light;  and  most  of 
them  exist  in  two  modifications,  one  of  which  is  dextro-, 
while  the  other  is  levorotary.  They  boil  at  about  the  same 
temperature,  so  that  their  separation  by  fractional  distilla- 
tion is  hardly  possible. 

119,  The  terpenes  are  divisible  into  three  main  groups; 
namely : 

1.  Those  that  are  capable  of  combining  with  one  mole- 
cule of  halogen  hydride  only,  provided  they  do  not  change 
in  the  meantime  intoisomerides:  pincnc^  camphcui\  fiuchcnc, 

2.  Those  that  can  combine  with  two  molecules  of  halogen 
hydride,  but  not  with  nitrous  acid:  liinoucnc^  liipiutcm^  syl- 
vcstrcni\  tcrpinolene, 

3.  Those  that  combine  with  nitrous  acid:  ttrpincuCy phcl- 
landnne, 

Phune  C\JJ^^  is  the  chief  constituent  of  oil  of  turpentine, 
oil  of  juniper,  of  eucalyptus,  of  sage,  etc.  It  exists  in  dextn;- 
and  levorotary  form.  Dcxtropimnc  or  austral  cue  is  tlvj 
chief  constituent  of  American  and  English  oil  of  turpentine, 
while  levoptnene  or  terebenthene  constitutes  the  French  oil 
of  turpentine.  These  two  ])inenes  must  be  classed  as  stcrco- 
isomerideSy  since,  as  a  whole,  except  in  their  optical  proj^erties. 
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they  arc  identical.  An  inactive  pinene  (that  is,  one  that 
has  no  o])tical  properties)  has  also  been  prepared.  When 
pinene  (that  is,  oil  of  turpentine)  is  heated  at  250^  in  a  sealed 
tube,  it  is  converted  into  dipcntcne  and  a  diterpene^  known 
as  mctatcrabcnthene  C\Jf^^^  which  boils  at  260°. 

When  JICl  is  passed  into  oil  of  turpentine,  well  cooled, 
the  pinene  is  converted  into pOic/ie  Aj'droc/t/oridir  C^^H^^HCly 
which  resembles  camphor  not  only  in  its  odor,  but  also  in  its 
cr\'stalline  form,  and  is  known  as  artificial  camphor ;  it 
melts  at  125°  and  boils  at  208°.  When  heated  w^th  a  feeble 
alkali  it  loses  HCl  and  becomes  camphene^  which  melts  at 
50°  and  ocxnirs  in  dextro-  as  well  as  in  levorotary  modification. 

When  oil  of  turpentine  containing  water  is  left  in  contact 
with  alcohol  and  nitric  acid,  it  yields  crystals  of  terpin  hydrate 
r,^,//,,(CV/),,//^(7,  which  dissolve  in  boiling  water,  and  melt 
at  110°,  becoming  anhydrous  terpin  C^JI^^(OH)^^  which  sub- 
limes. When  boiled  with  H^SO^^  this  yields  terpimol 
C^Jf^^'OH,  which  smells  like  the  hyacinth,  and  boils  at  215". 

By  exposure  to  air,  turpentine  is  slowly  solidified,  absorb- 
ini(  oxygen,  and  forming  resinous  bodies.  Among  these  is 
a  small  (luaiuity  of  camphoric  peroxide  C^JJ^fi^^  which  is 
decomposed  by  water,  yielding  camphoric  acid  aji(!i  hydrogen 
peroxide,  aecordini^^  to  the  ecjuation: 

This  fact  readily  exi)lains  the  frequent  observations  made 
that  oil  of  turpentine  that  has  been  stored  for  some  length  of 
time  frequently  exhibits  ])ro|)erties  and  reactions  similar  to 
those  of  hydroj>-en  peroxide,  l^y  passing  air  and  steam 
through  oil  of  turpentine,  a  powerful  oxidizing  solution  con- 
taining hydiogcn  ])eroxide  is  obtained,  this  solution  is  fre- 
quently employed  for  disinfecting  purposes  under  the  name 
of  '*  sanitas. " 

Fcnchcuc  is  obtained  from  oil  of  fennel;  it  is  optically 
inactive,  boils  at  1  .'iS'',  and  resists  the  action  of  nitric  acid. 

Liiiioucuc  is  ])resent  in  many  essential  oils,  especially  in 
the  oils  of  orange,  lemon,  and  bergamot.  Two  active  varie- 
ties— dextro-  and  levo-limonene — as  well  as  inactive  limonene 
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have  been  obtained.  It  boils  at  1T5°  and  its  specific  gravity 
at  20°  is  .840. 

Sylvestrene  occurs  in  Swedish  and  Russian  oil  of  turpen- 
tine; it  is  dextrorotary,  it  has  a  boiling  point  of  175"*,  and  is 
a  comparatively  stable  terpene.  It  is  characterized  by  giving 
a  blue  color  with  acetic  anhydride  and  sulphuric  acid. 

Terpincne  and  tcrpinoleneoxe  optically  inactive;  the  former 
and  phcllandrene  arc  solids,  melting  at  155°  and  102°,  respect- 
ively. 

1 20,  Caoutchouc,  also  known  as  India  rubber^  may  be 
classed  among  the  terpene  hydrocarbons,  its  chief  constituent 
(a  so  called  polyrene)  having  the  empirical  formula  CJI^^ 
but  a  molecular  formula  {C^H^,^,  It  is  the  hardened,  milky 
juice  of  such  tropical  trees  as  cuphorbiaccae^  apocyncae,  and 
especially  Siphonia  {Jicus)  elastica^  which  grows  in  Brazil, 
etc.  Incisions  are  made  in  these  trees,  and  the  milky  juice 
thus  obtained  is  spread,  upon  a  clay  bottle-shaped  mold, 
which  is  then  suspended  over  a  fire;  a  layer  of  caoutchouc  is 
thus  deposited,  the  thickness  of  which  is  increased  by 
repeated  applications  of  the  milky  liquid,  the  mold  being 
eventually  broken  out  of  the  caoutchouc  bottle  thus  formed. 
The  dark  color  of  the  ordinary  commercial  caoutchouc  is 
believed  to  be  due  to  the  smoke  from  the  fire  over  which  it 
is  dried,  for  pure  caoutchouc  ought  to  be  and  actually  is 
white,  and  may  thus  be  obtained  by  dissolving  the  commer- 
cial india  rubber  in  chloroform,  and  precipitating  it  wuth 
alcohol;  the  precipitate  forms  a  gummy,  elastic  mass  when 
dried.  Commercial  caoutchouc  contains,  as  a  rule,  some 
albumin,  derived  from  the  original  milky  liquid,  this  being 
really  a  solution  of  albumin  holding  in  suspension  about  30 
per  cent,  of  caoutchouc,  which,  when  the  juice  is  mixed  with 
water  and  allowed  to  stand,  rises  to  the  surface  like  cream, 
becoming  coherent  and  elastic  when  exposed  to  air. 

The  chief  uses  of  caoutchouc  de^x^nd  rather  upon  its  physi- 
cal than  Its  chemical  properties,  its  lightness  (liaving  only  a 
specific  gravity  of  .93),  its  impermeability  to  water,  and  its 
elasticity  adapting  it  for  a  multitude  of  purposes. 
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For  the  manufacture  of  liHitcr proof  cloth  caoutchouc  is  dis- 
solved in  ^t^on^  turpentine  and  the  solution  spread,  in  a 
viscid  state,  over  the  surfaces  of  two  pieces  of  cloth  of  the 
same  size,  which  are  then  laid  face  to  face  and  passed  between 
rollers,  the  pressure  of  which  causes  perfect  adhesion  between 
the  surfaces. 

Caoutchouc  is  slowly  dissolved  by  carbon  disulphide,  ben- 
zene, chloroform,  petroleum,  turpentine,  etc.,  but  neither 
the  alkalies  nor  diluted  acid  have  any  action  upon  it.  When 
ver>'  gently  heated  the  pliancy  and  extensibility  of  the 
caoutchouc  greatly  increases;  it  fuses  at  121°  to  an  oily 
liquid,  which  does  not  become  solid  but  only  viscid  on  cool- 
ing. Heated  in  a  retort,  caoutchouc  is  decomposed  into 
several  hydrocarbons,  one  of  which  is  isoprenc  C^H^y  having 
a  boiling  point  of  ^T"",  and  another,  caoutchcnc  C^^H^^y  which 
boils  at  171**.  Caoutchene  forms  a  crystalline  compound 
with  water,  C^^H^^.H^O,  which  may  also  be  obtained  by 
boiling  terpin  with  very  dilute  sulphuric  acid,  and  distilling 
with  water. 

Caoutchouc  combines  with  variable  proportions  of  sulphur. 
The  mixtures  thus  obtained  are  called  vulcanized  rubber; 
they  are  more  ix^rmancntly  elastic  than  pure  caoutchouc. 

]lilcaniti\  or  cbonid,  is  caoutchouc  mixed  with  half  its 
wci<4^ht  of  sulphur,  and  hardened  by  pressure  and  heating. 
It  is  very  hard,  takes  a  hiiL^^h  polish,  and  is  used  for  making 
surgical  instruments,  combs,  knife  handles,  etc.  It  is  also 
especially  distinguished  by  the  largj  quantity  of  electricity 
which  it  evolves  when  rubbed;  hence,  it  makes  a  very  desir- 
able material  for  the  plates  of  electrical  machines. 

1*41,  <;iitta  peroha  (empirical  formula  C^H^^  like 
carnilchouc,  is  originally  a  milky  exudation  from  incisions 
made  in  the  wood  of  the  Isonandra  tree  {fsouandra  percha). 
This  juice  readily  .solidifies,  when  exposed  to  air,  to  a  brown 
mass,  which  differs  from  ordinary  caoutchouc  by  being  not 
alone  heavier,  but  also  by  being  tough  and  inelastic  when 
cor>led.  It  becomes,  however,  quite  soft  and  plastic  when 
heated  to  about  1(J0°.     Being  impervious  to  water,  it  is  used 
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as  a  waterproof  material  and  for  water  pipes.  It  is  a  non- 
conductor of  electricity,  and  is  consequently  used  for  insu- 
lating purposes. 

Gutta  ixjrcha  is  dissolved  by  those  substances  which 
dissolve  caoutchouc  and  is  not  affected  bv  either  acids  or 
alkalies.  Gutta-percha  bottles  are  employed  for  keeping 
hydrofluoric  acid.  Gutta  percha  readily  melts  and  at  an 
increased  temj^erature  decomposes,  yielding  products  similar 
to  those  from  caoutchouc. 


CAMPHORS. 

133.  Closely  allied  to  the  essential  oils  are  the  different 
varieties  of  camphor,  which  appear  to  be  formed  by  the  oxi- 
dation of  hydrocarbons  contained  in  the  essential  oils. 

123.  Common^  or  Japan^  camphor  C^JI^fi  is  the  most 
important  variety,  and  is  found  in  the  camphor  tree  {Laurus 
camphord)  growing  in  Japan  and  China,  and  especially 
abundant  on  the  island  of  Formosa.  When  the  wood  is 
chipped  and  distilled  with  water,  the  camphor  volatilizes 
and  condenses  in  rice  straw,  with  which  the  heads  of  the 
stills  in  which  the  operation  is  conducted  are  filled.  The 
product  thus  obtained  in  the  fonn  of  small  crystals  is  refined 
by  sublimation  in  glass  vessels  heated  on  a  sand  bath. 

Camphor  passes  into  vapor  easily  at  ordinary''  tempera- 
tures, and  is  deposited  in  brilliant,  octahedral  cr}^stals  upon 
the  sides  of  the  bottle  containing  it.  It  fuses  at  175°  and 
boils  at  about  204*^.  It  is  rather  inflammable,  burning  with 
a  bright  though  smoky  flame.  It  is  lighter  than  water,  its 
specific  gravity  being  .985;  it  is  only  very  sparingly  soluble 
in  water,  but  quite  readily  in  ether  as  well  as  in  alcohol. 

When  distilled  with  Pfi^  common  camphor  loses  a  mole- 
cule of  water  and  yields  cyincne  (see  Art.  103) : 

When  camphor  is  boiled  with  nitric  acid  it  is  oxidized  and 
converted  into  camphoric  acid : 
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134.  Borneo  camphor ^  or  borncol  C^JI^fi^  is  extracted 
from  the  Dryobalanops  ar  off  tat  tea  ^  a  tree  that  grows  in  the 
Sunda  Islands.  It  may  be  obtained  artificially  by  the  action 
of  an  alcoholic  solution  of  potassa  on  common  camphor.  It 
occurs  in  small,  colorless,  and  transparent  prismatic  cr^-stals. 
Its  cxlor  recalls  at  the  same  time  that  of  camphor  and  pepper. 
Its  taste  is  burning.  It  melts  at  206"*  and  boils  at  212°.  It 
turns  the  plane  of  polarization  to  the  right,  and  is,  like 
common  camphor,  nearly  insoluble  in  water,  but  readily 
soluble  in  ether  or  alcohol.  When  treated  with  cold,  fuming 
nitric  acid,  it  loses  two  atoms  of  H  and  is  converted  into 
common  camphor. 

135,  Cifieol  C^Jf^^O  is  isomeric  with  bomeol.  It  is 
the  chief  constituent  of  the  oils  of  cajuput  and  wormseed. 
It  is  a  colorless  liquid  which  boils  at  17G°.  It  is  one  of  the 
protlucts  of  the  action  of  sulphuric  acid  upon  oil  of  turpentine. 

130.  Menthol,  or  mint  eatnphor  C^^H^fi^  is  the  solid 
part  of  the  essential  oil  of  peppermint  (tfte  fit  ha  piperita)^  in 

which  it  exists  mixed  with  liquid  terp)enes.  It  is  deposited 
ill  crystals  when  oil  of  mint  is  c(X)led.  It  forms  colorless 
crystals  wbicli  fuse  at  4v*'^  and  boil  at  213°.  Dehydrating 
assents,  such  as  phosphoric  anhydride  and  zinc  chloride, 
convert  it  into  nunthcnc  C,If.^. 
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137.  IJalsiiius.  — Tlie  vegetable  exudations  known  as 
baLstUNs  are  mixtures  of  essential  oils  with  resins  and  acids, 
pr(jbably  i)roclueecl  by  tlie  oxidation  of  the  oils. 

y/^/Av?/// ^>/ /V/v/ contains  an  oily  substance  termed  cinna- 
iticin  C„JI„0'  a  crvstalline  ho([\  styracin  CJi^Oi  a  crys- 
talliiie  volatile  acid  ci}iminiic  acid  C^H^O./,  and  a  peculiar 
resin. 

Balsam  of  tola  also  contains  cinnamic  acid  and  styracin, 
together  with  certain  resins,  which  appear  to  have  been 
formed  by  the  oxidation  of  styracin. 
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Stora,  also  a  balsamic  exudation,  contains  the  same  sub- 
stances, accompanied  by  cinnamcne, 

128.  Ilesins. — Colophony  is  the  best  known  member  of 
this  class  of  resins,  which  are  generally  distinguished  by 
their  resinous  appearance,  fusibility,  inflammability  (burning 
with  a  smoky  flame),  insolubility  in  water,  and  solubility  in 
alcohol. 

As  to  their  chemical  composition,  they  are  all  rich  in 
carbon  as  well  as  in  hydrogen,  containing  generally  a  small 
proportion  of  oxygen,  and  appear  to  have  been  formed,  like 
colophony,  by  oxidation  of  a  hydiocarbon  analogous  to 
turpentine.  Most  of  their  resins  also  resemble  colophony 
in  their  acid  characters,  their  alcoholic  solutions  reddening 
blue  litmus  paper,  and  the  resins  themselves  being  soluble 
in  the  alkalies.  This  is  the  case  with  standarach  and 
gnaiacum  resuty  the  former  of  which  contains  three,  and  the 
latter  two,  resinous  acids. 

I!<i9.  Copal  appears  to  contain  several  resins,  some  of 
which  appear  to  be  neutral  while  others  are  acid,  and  is  dis- 
tinguished by  its  difficult  solubility  in  alcohol,  in  which  it 
can  be  dissolved  only  after  a  long  exposure  to  the  vapor  of 
the  solvent;  but  if  it  is  exposed  to  the  air  for  some  time 
at  a  moderately  high  temperature,  it  absorbs  oxygen  and 
becomes  much  more  easily  soluble.  Copal  is  readily  dis- 
solved by  acetone.  Ant  mi  and  ilcmi  nstns  are  somewhat 
similar  in  properties  to  copal.  All  these  resins  are  used  in 
the  manufacture  of  varnishes. 

Gnaiacupn  resin  is  distinguished  by  its  tendency  to  become 
blue  under  the  influence  of  certain  oxidizing  agents,  such  as 
chlorine  and  ozone,  for  instance. 

Ambcr^  a  fossil  resinous  substance,  more  nearly  resembles 
this  class  of  bodies  than  any  other,  and  contains  several 
resinous  bodies.  It  is  distinguished  by  its  insolubility,  for 
alcohol  dissolves  only  about  one-eighth  and  ether  about  one- 
tenth  of  it.  After  fusion,  however,  it  becomes  soluble  in 
alcohol,  and  is  used  in  this  state  for  the  preparation  of 
varnishes. 
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DERIVATIVES  OF  IIYDKOCARBONS. 


AliCOIIOIiS. 

!•  All  carbon  compounds  may  be  regarded  as  derivatives 
of  the  hydrocarbons,  containing  one  or  more  atoms  or  com- 
pound radicals  in  place  of  hydrogen,  and  in  every  one  of 
these  derivative  compounds  there  will  be  found  a  character- 
istic hydrocarbon  radical,  which  will  be  either  monovalent, 
divalent,  or  trivalent,  according  as  it  represents  the  removal 
of  one,  or  two,  or  three  hydrogen  atoms  from  a  saturated 
hydrocarbon.  Of  the  typical  hydrocarbon  radicals,  (C//J', 
{C^Hy,  and  {C^Hy  may  here  be  mentioned. 

£•  The  term  alcohol^  originally  limited  to  the  one  sub- 
stance, namely,  spirit  of  wine,  is  now  applied  to  a  large 
number  of  organic  compounds,  many  of  which,  in  their 
external  characters,  exhibit  verj''  little  resemblance  to  com- 
mon alcohol.  They  all  have,  however,  an  analogous  consti- 
tution, having  the  composition  of  hydrocarbons  in  which  one 
or  more  of  the  hydrogen  atoms  are  replaced  by  a  correspond- 
ing number  of  hydroxyl  groups.  Alcohols  may  be  compared 
with  the  metallic  hydroxides,  not  only  because  they  contain, 
like  these,  one  or  more  hydroxyl  groups,  but  also  because 
they  form  salts  with  acids,  eliminating  water.    This  similarity 

§13 

For  notice  of  the  copyright,  see  page  immediately  following  the  title  paj^e. 


2  ORGANIC  CHEMISTRY.  §  13 

may  be  readily  observed  by  comparing  the   two   typical 
equations  here  shown: 

(1)  CJ{,'  OH^  H^SO^  =  r.^..  HSO^  +  H^O 

(2)  XaOH+  HJSO^  =  XaHSO^  +  H^O 

As  a  divalent  or  a  triA-alent  metal  will  form  a  hydroxide 
containing  two  or  three  hydroxy!  groups,  respectively,  so  a 
divalent  or  triA-alent  hydrocarbon  radical  will  form  an  alco- 
hol coniaining  two  or  three  hydroxy!  groups;  as  examples, 
C^HJ^OH)^  and  C^H^OH)^  may  be  cited. 

According  to  the  number  of  hydroxy!  groups  present  in  an 
alcohol,  these  corapoimds  are  known  as  ftwnohydricy  dihydric, 
trihydricy  etc.  alcohols ;  or,  according  to  some  authors,  as 
motiatoniic^  diatomtCy  triatomic^  etc  alcohols. 

Alcohols,  as  a  class,  have  a  slightly  basic  tendency ;  they 
readily  undergo  oxidation,  which  results  in  the  removal  of 
hydrogen,  either  with  or  ij^nthout  the  substitution  of  an 
equivalent  quantity  of  oxygen.  The  products  of  such  oxi- 
dation are  either  aldehydes  (or  ketones)  or  acids^  as  the  case 
mav  be. 

MOXOIlYI>RK'  Al.rOIIOljSi  OF  THE  PARAFFIX  SERIES. 

3.  The  alcohols  of  this  series  arc  the  best  known  and 
most  im]X)rtant  of  all  this  class  of  bodies.  They  are  produced 
by  the  replacement  of  1  hydrogen  atom  of  a  paraffin  hydro- 
carbon by  thc<;n'oiip  Oil,  and  there  is  consequently  a  homol- 
o^^'^ous  scries  of  alcohols,  which  corresponds  with  the  homol- 
ogous series  of  the  hydrocarbons.  For  instance,  CH ^  yields 
C/r^O/r,  C\//,y\e]d^  CJ/^'O//.  C// yields  C,//,-C>//,  and 
so  on.  The  comjx>sition  of  these  alcohols  may  be  repre- 
sented by  the  f^eneral  formula,  C  „//^^^^^'0/f. 

The  ])rinciprd  memlx^rs  of  this  class  of  alcohols,  their  for- 
mulas, boiling''  points,  and  common  sources  are  enumerated 
in  Table  1. 

The  usual  fifradation  of  properties  attending  the  gradation 
in  composition  amon^  the  members  of  homologous  series  of 
com])ounds,  is  stnkinj:(ly  illustrated  in  the  series  of  the 
monohydric  alcohols.     The  first  seven  members  of  this  series 
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TABLE  !• 

MONOHYDRIC  ALOOHOI-S  OF  THE  PARAFFIN  SERIES. 


Name. 


Methyl  alcohol 

Ethyl  alcohol 

Propyl  alcohol 

Butyl  alcohol 

Pentyl,  or  amyl,  alcohol 

Hexyl,  or  caproyi,  alcohol. . 
Heptyl,  or  cxjnanthyl,  alcohol 

Octyl,  or  capryl,  alcohol. . . . 

Nonyl  alcohol 

Cetyl  alcohol 

Ceryl  alcohol 

Myricyl,  or  melissyl,  alcohol 


Formula. 

Hoilin}( 
Point. 

CIUOII 

66" 

C\Hr.'OH 

78'* 

C^Hy'OH 

OT** 

CJh'OH 

117" 

CM XX  on 

137'' 

aH^t'OH 

157° 

C.Hy^OIi 

175° 

CJ{,,OH 

191° 

CMx.'OJi 

213° 

C\Jf,,OH 

C\,Ii,yOII 

C\Jhx'OH 

Common  Source. 


Distillation  of  wood. 

Fermentation  of  suj^ar. 

Fermentationof  grapes. 

Fermentation  of  beet. 

Fermentation  of  pota- 
toes. 

Fermentation  of  grapes. 

Distillation  of  castor  oil 
with  potash. 

Essential  oil  of  hog- 
weed. 

Nonane  of  jwitroleum. 

Spermaceti. 

Chinese  wax. 

Beeswax. 


are  liquids  at  ordinary  temperatures,  they  possess  character- 
istic and  strong  odors,  and  can  be  easily  distilled  without 
decomposition.  Methyl,  as  well  as  ethyl,  alcohol  mixes  freely 
and  in  all  proportions  with  water;  propyl  alcohol  is  only  spar- 
ingly soluble  in  water,  and,  beginning  with  this  member, 
the  solubility  of  these  alcohols  decreases  rapidly,  until  we 
come  to  hexyl  alcohol,  which  is  entirely  insoluble  in  water, 
and  to  octyl  alcohol,  which  is  not  alone  insoluble,  but  also 
possesses  an  oily  character,  leaving,  for  instance,  a  greasy 
spot  on  paper.  Cetyl  alcohol,  ceryl  alcohol,  and  myricyl 
alcohol  are  solid,  wax-like  bodies.  Those  members  of  the 
series  of  alcohols  that  may  undergo  distillation  without 
change,  show  a  fairly  regular  increase  in  the  boiling  point 
for  each  addition  of  CH^  in  the  formula.  The  student  will 
notice,  by  referring  to  Table  1,  that,  excluding  the  dilTercnce 
between  methyl  and  ethyl  alcohol,  the  average  difference  in 
the  boiling  points  is  19.5°  for  each  CII^  added.  The  com- 
pound commonly  known  as  alcohol  will  be  considered  first 
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4.  Kthyl  Alcohol.— Ethyl  alcohol  CJI^OH,  popularly 
known  as  spirits  of  wine  or  plainly  alcohol^  has  been  known 
for  a  very  long  time,  its  use  dating  back  as  far  as  the  sixteenth 
century.  Lavoisier  determined  it  qualitatively,  and  we  are 
indebted  to  Saussure  for  the  first  quantitative  determination 
of  it  This  alcohol,  though  only  occurring  in  small  quantities, 
is  widely  distributed  in  nature.  It  is  found  in  coal  tar,  bone 
oil,  wood  spirit,  bread,  etc.,  and  also  occurs  in  diabetic  urine. 

Ethyl  alcohol  may  be  prepared  synthetically  (1)  by  com- 
bining Carxd  //to  form  acetylene  C\H^,  which,  by  means  of 
nascent  hydrogen,  may  be  converted  into  ethene  C^H^\ 
ethene  is  then  treated  with  concentrated  H^SO^  whereby 
ethyl  hydrogen  sulphate  C^H^-HSO^  is  obtained,  from  which 
CJI^'OH  may  be  produced  by  distillation.  This  method 
was  discovered  by  Faraday,  and  corroborated  in  1S55  by 
Berthelot.  (2)  By  heating  ethylene  gas  with  hydriodic  acid 
and  decomposing  the  ethyl  iodide  so  formed  with  potassium 
hydrate : 

0)  (f,//,  +  ///=  C^HJ 

(2)     C,HJ+KOH=  C^H^^OH  +  KI 

The  fact  that  ethyl  iodide  C H ^- C II J  w'lW  give  alcohol  in 
this  reaction  justifies  tlic  formula  CH^-CH^-OH  for  ethyl 
alcohol.  (*5)  Ry  bnni^ing  aldehyde  in  contact  with  sodium 
amalgam  in  presence  of  water.  The  nascent  hydrogen 
formed  in  this  case  fixes  upon  the  aldehyde,  converting  it 
into  alcohol,  thus: 

CJfn  +  ir^  =  c^Hfi 

aldcliytlc  alcohol 

5,  The  most  important  nictliod  by  which  alcohol  maybe 
prc])ared — and,  in  fact,  the  one  on  which  we  are  dependent — 
is  by  the  fermentation  of  sugar.  Whenever  a  plant  juice 
containing  sugar  is  left  exposed  to  air,  it  slowly  undergoes  a 
certain  change  and  loses  its  natural  sweet  taste.  This  change 
maybe  considered  to  consist  in  a  breaking  up  of  the  sugar 
into  carbon  dioxide  and  alcoliol,  and  may  be  expressed  by 
the  equation : 

CJI,.p,  =  -iCJl^p  +  -ICO, 

sugar  alcohol      carbon  dioxide 
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This  process  is  known  as  alcoholic  fermentation.  Careful 
investigations  have  revealed  the  fact  that  such  fermenta- 
tion is  caused  by  the  presence  of  micro-organisms  of  either 
animal  or  vegetable  origin.  These  micro-org^anisms,  known 
s^  ferments,  are  of  diflEerent  kinds,  and  cause  diflEerent  kinds 
of  fermentation  with  different  products.  Among  the  kinds 
of  fermentation,  the  following  may  be  specially  mentioned : 

1.  AlcoholiCy  or  vinous^  fermentation  is  caused  by  a  vege- 
table ferment  present  in  ordinary  yeast.  The  ferment  con- 
sists of  small  round  cells  arranged  in  chains.  The  products 
of  its  action  are,  as  previously  mentioned,  alcohol  and  carbon 
dioxide. 

2.  Lacttc-acid fermentation  is  due  to  a  vegetable  ferment 
present  in  milk.  It  has  the  property  of  converting  the  sugar 
into  lactic  acid. 

3.  Acetic-acid  fermentation  is  due  to  a  vegetable  ferment 
converting  alcohol  into  acetic  acid. 

The  germs  of  the  various  ferments  exist  in  the  air;  and, 
whenever  they  find  favorable  conditions,  they  develop  and 
produce  their  characteristic  effects.  They  will  not  develop 
in  a  solution  of  pure  sugar.  The  variety  of  sugar  that  is 
fermentable,  and  the  one  from  which  alcohol  is  obtained,  is 
not  ordinary  cane  sugar,  but  a  variety  known  zs  grape  sugar 
or  glucose.  In  order  that  the  ferment  may  grow,  there  must 
be  present  in  the  solution,  besides  the  sugar,  substances  that 
contain  nitrogen.  These,  as  well  as  the  sugar,  are  contained 
in  the  juices  pressed  out  from  various  fruits,  and,  conse- 
quently, those  juices  readily  undergo  fermentation. 

In  the  manufacture  of  alcohol,  a  solution  containing  either 
starch  or  sugar  is  first  prepared  from  the  residue  of  wine 
presses  or  from  some  kind  of  grain  or  potatoes.  In  case 
the  solution  contains  grape  sugar,  this  undergoes  fermenta- 
tion directly  when  the  ferment  is  added.  If  the  substance 
in  solution  is  cane  sugar,  this  is  first  changed  by  the  ferment 
into  grape  sugar,  and  the  fermentation  then  takes  place  as 
in  the  first  case. 

To  obtain  alcohol  from  fermented  liquids,  they  must  be 
distilled.     The  apparatus  now  used  for  this  operation  has 
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reached  sr.ch  a  decree  of  excellence  that  alcohol  of  05  per 
cent,  ir.ay  Ik*  t»btained  immediately  by  one  distillation. 

Ab>t>Iiitely  pure  alcohol  is  obtained  by  rectifying  the 
alcohol  of  Commerce  over  hygroscopic  substances,  such  as 
anhydrous  potassium  caibonate,  quicklime,  or  caustic  bar\'ta. 
The  last  portions  of  water  are  removed,  and  absolute  alcohol 
is  obtained  by  redistilling  the  rectified  alcohol  with  caustic 
barvta:  or  some  sodium  mav  be  dissolved  in  the  alcohol, 
which  is  then  rectified  on  the  water  bath. 

On  a  large  scale,  alcohol  is  usually  made  from  the  starch 
contained  in  ]><  »tatoes  and  such  grains  as  rice,  r}'e,  etc.  The 
starch  C  IT  t\  is  first  converted  into  either  glucose  C^H^^C 
by  heating  it  with  very  dilute  sulphuric  acid  (afterwards 
ncut:*ali7.ed  with  chalk),  or  into  maltose  ^„/^„C^,p  by  mixing 
it  with  an  infusion  of  malt;  the  glucose  or  maltose  is  fer- 
mented by  yeast.  The  wash,  as  it  is  termed,  is  then  distilled, 
the  stills  being  constructed  with  great  ingenuity  to  effect  the 
concentration  of  tlie  alcohol  at  the  least  possible  expense. 

ICvcn  wooden  fiber,  pujXT,  linen,  etc.,  which  have  the  same 
empirical  formula,  may  be  converted  into  glucose  by  the 
action  of  If  SO  .  and  mav  tliiis  be  made  a  .<^ource  of  alcohol. 

(>.  Alcolicl  is  a  Colorless  mol>ilc  licjuid,  with  a  burning 
taste  and  a  cluiractLTistic  and  ]>lcasant  odor,  though  it  is 
clainiL-d  tluit  iKTiVctlv  anhvtlrous  alcohol  reallv  does  not 
exhibit  any  traces  of  this  odor  at  all.  It  remains  a  liqtiid  at 
\"erv  low  teni;K'rat;ires.  solidifyiniL:;-  (>nly  at  —  1:50.5".  It  boils 
at  i^.;r.  It  lakes  iire  when  a  ilanie  is  hrou-ht  near  its  stirfacc, 
and  burns  v  iih  a  ]).:le  s-nolcelcss  fl.inie.  Alcohol  cva])oratcs 
c  isilv  when  cxDosed  lo  the  air,  williont  combininir  with 
oxy^i^^en,  and  it  readily  absorbs  water  or  moisture  from  the 
air.  It  dissolves  many  leases,  li(]nids,  and  solids.  'Jifiiti/ns 
are  sobitions  of  various  medicinal  substances  in  ale(>hol. 

AmoUL^  the  sim]>1er  substanees  that  are  soluble  in  alcohol 
mav  be  mentioned  iodine.  Potassium  and  soditnn  hvdrates 
dissohc  in  it  read.ily,  and  the  san^^  is  true  of  most  of  the 
mineral  acids.  Many  of  the  elilorides  are  soluble  in  alcohol; 
such  as   those   of   calciiun,   stiontiinn,   zinc,   and  cadmium, 
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besides   ferric,   cupric,   mercuric,    and   auric  chlorides.     It 
dissolves  the  natural  alkaloids,  the  essential  oils,  resins,  etc. 

Alcohol  may  be  mixed  with  water  in  all  proportions, 
evolving  a  little  heat  and  giving  a  mixture  rather 
smaller  in  bulk  than  the  sum  of  its  constituents. 
This  may  be  shown  by  filling  a  vessel,  shaped  as 
shown  in  Fig.  1,  with  water  up  to  the  neck  joining 
the  two  globes,  carefully  filling  the  up|Der  globe  to  the 
brim  with  alcohol,  inserting  the  stopper,  and  inverting 
the  vessel.  The  contraction  of  the  mixture  will  then 
leave  a  vacuum  in  the  tube  and  the  dissolved  air  from 
the  water  will  discharge  itself  into  this  in  numerous 
large  bubbles.  The  greatest  contraction  occurs  when 
the  volumes  of  alcohol  and  water  are  nearly  equal; 
for  instance,  at  0°,  53.9  measures  of  alcohol  added  to 
40.8  measures  of  water,  gives  not  103.7,  but  100, 
measures  of  the  mixture.  The  attraction  of  alcohol 
for  water  affords  one  reason  for  its  power  of  preserv- 
ing animal  and  vegetable  substances  from  putrefac-  fig.  i. 
tion  by  removing  the  water  necessary  for  that  change. 

The  following  is  an  accurate  method  for  diluting  any 
given  alcohol  solution  of  definite  percentage :  Designate  the 
volume  percentage  of  the  stronger  alcohol  by  Kand  that  of 
the  weaker  alcohol  by  v.  Mix  7f  volumes  of  the  stronger 
alcohol  with  water  to  make  F volumes  of  the  product.  Allow 
the  mixture  to  stand  till  full  contraction  has  taken  place,  and 
till  it  has  reached  the  temperature  of  the  original  alcohol 
and  water,  and  make  up  any  deficiency  in  the  F  volumes 
with  w^ater. 

Example. — It  is  desired  to  dihite  a  distillate  containinjjj  50  per  cent, 
of  alcohol  by  volume  until  it  contains  iM)  per  cent.  To*  IM)  volumes  of 
the  50-per-cent.  ala>hol  add  enough  water  to  make  50  volumes,  or  j)1ace 
150  c.  c.  of  the  di.stillate  in  a  250  c.  c.  flask,-  fill  to  the  mark  witli  water, 
mix,  cool,  and  fill  to  the  mark  again. 

By  oxidation,  alcohol  is  converted  first  into  aldehyde 
CH^'CHO,  and  then  into  acetic  acid  C 11^- CO  OH. 

Ethoxides  or  €thylatcs  are  compounds  formed  by  the 
replacement    of    hydrogen  in    alcohols    by    metals;     they 
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correspond  with  the  hydroxides,  C^H^  standing  in  place  of  //; 
for  instance,  sodium  ethoxide  C^H^-OXa^  aluminum  etiioxxde 
{CJIjO)^Al^.  Sodium  ethoxide  is  used  in  surgery  as  a 
caustic.  Water  decomposes  the  ethoxides,  yielding  alcohol 
and  hydroxides,  as  is  seen  from  the  following  equation: 

C^HfiXa  +  HOH  z^  C^HfiH-^-XaOH 

Barium  ethoxide  {CJijO)J>a  is  obtained  by  the  action  of 
anhydrous  barj'ta  on  absolute  alcohol  A  trace  of  water 
precipitates  barium  hydroxide  from  the  solution.  On  heat- 
ing the  alcoholic  solution,  the  barium  ethoxide  precipitates, 
being  less  soluble  in  hot  alcohoL 

Aluminum  ethoxide  {C^HjO)^Al^  is  produced  by  heating 
aluminum  in  alcohol  with  a  little  iodine.  It  is  very  prob- 
able that  AIJ^  is  first  produced;  this,  however,  is  quickly 
decomposed  by  the  alcohol,  forming  aluminum  ethoxide  and 
hydrogen  iodide.  The  latter,  with  the  excess  of  Al^  evolves 
H  and  forms  more  AlJ^y  which,  in  its  turn,  decomposes  a 
fresh  portion  of  alcohol,  and  thus  a  small  quantity  of  iodine 
carries  on  a  continuous  action. 

Thalliuiti  ethoxide  C^H.OTl  \s  a  liquid  remarkable  for  its 
hi*^di  specific  gravity  (3.GS),  and  its  great  refractive  and  dis- 
l)ersivc  action  on  light. 

7.  The  simplest  chemical  test  for  alcohol  is  to  add  to  the 
siisjx?cted  liquid  hydrochloric  acid  and  enough  potassium 
bichromate  to  .c,nve  it  an  orange  color,  to  divide  it  between 
two  lest  tubes  for  comparison,  and  to  heat  one  of  them  till 
the  lifjuid  boils.  If  alcohol  should  be  present,  the  liquid  will 
chan;^e  its  color  to  green  and  evolve  the  peculiar  fragrant 
smell  of  aldehyde.  The  reaction  that  takes  place  may  be 
expressed  by  the  following  equation: 

KXy.O.,  +  8//r/+  3(7//.  (9 
=  2KCl^CrSl„^'.\Cjrfi-\-^iH^0 

A  test  that  is  frequently  used,  and  is  even  more  accurate, 
consists  in  warming  the  liquid  to  be  tested,  adding  first  a 
little  solid  iodine,  and  then,  very  carefully,  weak  potash 
until  the  li({uid  is  just  bleached.     On  stirring  with  a  glass 


§  13  ORGANIC  CHEMISTRY.  9 

rcxl,  a  pale-yellow  crj'stallinc  precipitate  of  iodoform  is 
deposited,  and  its  odor,  resembling  that  of  saffron,  is  per- 
ceived : 

Alcohol  may  also  be  recognized  by  the  production  of  acetic 
acid  when  its  vapor  is  mixed  with  air  and  exposed  to  the 
action  of  platinum  black,  which  acts  by  favoring  oxidation : 

acetic  acid 

8,  Uses  of  Alcohol. — Alcohol  is  used  as  a  combustible 
in  spirit  lamps.  In  the  arts,  it  is  employed  in  the  manufac- 
ture of  ether,  chloroform,  perfumeries,  extracts,  and  many 
other  products. 

As  a  solvent,  it  is  largely  used  in  the  laboratory  and  the 
pharmacy.  In  Germany,  England,  and  France,  alcohol 
employed  for  certain  industrial  uses  is  exempted  from  the 
greater  part  of  the  internal  revenue  tax,  when  it  has  pre- 
viously been  mixed  with  about  one-tenth  of  wood  spirit  and 
a  small  percentage  of  mineral  oils  and  resin.  Such  a  mix- 
ture is  of  course  unfit  for  the  manufacture  of  liquors,  without 
losing  its  utility  as  a  solvent. 

Alcohol  exists  in  fermented  liquors,  such  as  wine,  cider, 
and  beer.  It  is  contained  in  much  larger  quantities  in 
whiskies,  brandies,  and  other  spirits.  These  are  the  products 
of  the  distillation  of  various  alcoholic  liquids.  They  are 
more  or  less  rich  in  alcohol.  Brandy  is  prepared  by  the  dis- 
tillation of  wine,  cider,  or  from  the  products  of  fermentation 
of  cherry  juice  (cherry  brandy),  sugar  cane  (rum),  beet- 
root molasses  (beet  brandy).  Whisky  is  distilled  from  fer- 
mented starchy  material,  such  as  corn,  rye,  potatoes,  etc., 
the  starch  being  first  saccharified. 

9.  The  usual  method  of  determining  the  strength  of 
alcohol  is  to  take  its  specific  gravity  by  measuring  q.  few 
cubic  centimeters  of  it  into  a  light  stoppered  bottle,  the 
weight  of  which  has  been  ascertained.    The  weight  of  1  cubic 
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cenr-^sieter  oc  :>e  Jilcva^i  :r.  grams  will  be  its  specific  gravity 
Nxry  rxMrly.  a./  :fwjf  y*:W/  has  a  Sp.  Gr.  of  .838,  and  con- 
:ji:n5  ^4  y<r  .x-:l  ?/  w^i^jiht  of  alcohol;  proof  spirit  (spirit  us 
.vt;<.>  'I  l^wLS  a  >-j  Gr.  vc  .-.»^,  and  con  tains  only  49  per  cent,  by 
Wvt^-::  .^c  .wlooi:  I:  wh:>  is  ibe  weakest  spirit  that  will  answer 
ro  :*x"  .  Id  r  u^^-i  vr.vc  of  r.rlng  gunpowder  that  has  been 
ir.  i>:c:ud  ^^~::^  **:  and  kindled.  Any  spirit  weaker  than  this 
loaws  :>..^  ix^wd^rr  t.^^  w^:  t  >  exr>kxle.  and  it  is  said  then  to 
Iv   *'lv\\v  vr^'c:."  while  a  stn>>nger  spirit  is  known  to  be 

lO.  Moihyl  Alwhol.--Methyl  alcohol  CH^OH  is  also 
kr.vnv:;  .w>  :.  •.:,-**: '.\v.  I:  was  discovered  in  181*2  bv  Tavlor. 
I:  :>  t\;:r.d  :.:  ::-v:ure  ::i  c  nibination  with  oil  of  wintergreen. 
T/.;s  //.Cv"*:  \  i<  :  rr-rxxi.  t^  ,r>::her  with  manv  other  substances, 
in  the  vlr\-  d :<::'. hi. :io:i  of  w^Kxi  and  is  therefore  contained  in 
crv.vlo  pyr.  hti::::ovnis  or  acetic,  acid  C/l^CO^/f,  Wood  is  dis- 
tilled hi  hin:o  v:::.vn::::cs  for  various  purposes;  chiefly,  how- 
ever, fv^r  nuikir.i::  charcvvil,  and  in  Si^nie  charcoal  factories 
the  d:<:-.lhite  ;>  ev^V.ectcvI  and  utili-^ed.  Wo^xl  is  distilled  also 
!\  r  :':'.v^  i^r.--.\^>e  xf  iv.akh>^"  w- .\1  v  r.ot^ar  or  chemically  pure 


1:  's  r.'  :  .-.v.  e.i<v  !r.,-.::vr  t^  cot  '^iiro  methvl  alcohol  from 
v.'-'vl  >-^::i:<.  a-  i:  e. .::::«:  he  vv.*.i:-.ev:  hv  fractional  distillation, 
«-n  :.c.-  :::it  »  f  e>':i:air.i:\c  -'^  e> ':":>ivhnihle  quantity  of  acetone 
C/i  ■COl.':\  t'.e  h. 'ih.::^  :"^  ir.t  «  :  \v'v!eh  li^s  verv  closclv  to 
rr.ehr.vl  a'.e<'*.:  h  T':e  :vs:  way  :  .  .  '^t.iin  a  fairly  pure  methyl 
;.!':• '*a"l  is  l>v  ircaiir.^'  t;:e  i:v^a:e  aleohol  with  calcium 
chlori'ic,  wit:i  w'r.ieh  i:  :". 'r:vs  a  erysta'.line  compoimd 
C'!^7  idl  0) ^.  Tlie  e-y^ia's  ..-e  ^-r.iined.  dried,  and  distilled 
v.ith  water,  yiehnhii;  dih.::e  ir.elhvl  alcohol,  whieh  may  be 
rectified  hv  repeated  d:<::riati<»n  and  finally  dehydrated  over 

fjiiicklime. 

Mudi  methyl  alcoliol  is  row  ohtai'.ied  by  distilling  the 
n-fiise  r,f  the  l)-et-sii.q;ar  maiiatact"ry,  and  this  refuse  has 
bcroiiic  iinj)ortant  as  the  source  of  many  r.iethyl  compounds 
eni])h»ver]  ill  makin;^'  dycs. 

Mctbvl  aleohol  resembles  ethyl  alcohoh    but   possesses  a 


§  13  ORGANIC  CHEMISTRY.  11 

somewhat  different  odor.  It  has  a  specific  gravity  of  .8142 
and  a  boiling  point  of  6G.5°.  It  is  very  inflammable  and 
bums  with  an  almost  invisible  flame.  It  is  miscible  with 
water,  alcohol,  and  ether  in  all  proportions,  and  acts  as  an 
intoxicant  like  ethyl  alcohol.  In  its  concentrated  form,  it  is 
poisonous.  It  is  an  excellent  solvent  for  fats,  oils,  and  resins, 
and  is  extensively  used  for  this  purpose. 

Methyl  alcohol  is  distinguished  from  ethyl  alcohol  by  the 
iodoform  test;  but  in  the  presence  of  air  and  platinum  black, 
yields  formic  aldehyde  HCHO  and  formic  acid  HCO^H, 
The  formic  acid  maybe  distinguished  from  acetic  acid  by  its 
property  of  reducing  silver  ammonio-nitrate  to  the  metallic 
state  when  gently  heated  with  it. 

11.     Isomerism     Amonjj:     Monohydrlc     Alcohols. — 

Methyl  and  ethyl  alcohol  being  mono-r.ubstitution  derivatives 
of  methane  and  ethane,  resjxjctively,  no  position  isomerides 
of  these  compounds  are  known.  It  has  already  been  noticed 
that  two  mono-substitution  derivatives  of  propane  are  possible; 
namely,  those  that  have  the  substituent  attached  to  the  end  of 
the  three-carbon  chain,  and  those  in  which  the  substituent  is 
attached  to  the  center-carbon  atom  ;  the  former  kind  is  known 
as  the  normal  propyl  derivative^  the  latter  as  the  isopropy  I  deriv- 
ative. Thus,  the  general  formula  for  a  normal  propyl  deriva- 
tive is  CH^'  CH^'  CH^X\  while  that  foran  isopropyl  derivative 
isCH.CHX'ClI^,  or  {CII^)^\CHX\  Hence,  there  is  a 
normal  propyl  alcohol  BXi6,  an  isopropyl  alcohol. 

Since  butane  maybe  regarded  as  methyl  propane  (a  mono- 
substitution  product  of  propane),  it  may  be  expected  to  exist 
in  two  modifications.  The  first  of  these,  nonnal  butane,  can 
yield  two  mono-substitution  derivatives;  namely, 

and  CH^'CH^'CHX'CIf, 

while  the  second,  secondary  butane,  can  also  yield  two  mono- 
substitution  derivatives;  namely, 

((f //,), :  CH-  CH,X' 

and  {CrrX/.CX'-Cff, 

Hence,  there  should  be  four  butyl  .ilcohols. 
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Pectazse  is  xiseihvl  botane,  tmt  it  exists  in  only  three— 
instead  oc  four — modincatioos^  becaose  the  methyl  butanes 
correspcodin^  with  the  secood  and  third  formulas  ^ven 
ab<.\e  woi^d  iLkve  the  sime  structure.  By  writing  the 
Jor:::ul  js  for  a  mono-substitution  product  of  pentane,  it  will 
be  found  ih^ii  eight  didervnt  compounds  are  possible,  and  in 
a"-ar.y  ca>c>  eight  are  known. 

All  these  isomeric  alcohols  are  divided  into  three  classes, 
as  1 1  !io\vs ; 

1.  Tho>e  in  which  the  (?// group  is  attached  to  a  carbon 
at*  »m,  which  is  itself  attached  to  onlv  one  other  carbon  atom. 
These  alcohols  are  known  Bsprhnarj  aUoholSy  and  contain 

the  group  'C<^^^^jj 

i.  Those  in  which  the  OH  group  is  attached  to  a  carbon 
atom,  which  is  itself  attached  to  two  other  carbon  atoms. 
The  members  of  this  class  are  known  as  secondary  alcohols^ 

and  contain  the  gnmp  :  C<^rj 

3.     Those  in  which  the  OH  group  is  attached  to  a  carbon 

atom,  \vh:ch  by  itself  is  attached  to  three  other  carbon  atoms. 

The  ii:c:v.lx?rs  oi  t:::s  class  are  known  as  tertiary  aleohols^ 

and  contain  the  group    C-OIL 

A  nuir.ber  of  examples  of  these  three  alcohols  are  given 

l)c]'j\v: 

Methyl  alcohol  HCH^OII  Primaiy. 

Ethyl  akoh..l  CH^-CH^OH  Primary. 

X(;rmal  propyl  alcohol      CH^CH^-CHfiH  Primar}\ 

I sopropyl  alcohol  {CH.)^\CHOH  Secondary. 

Normal'hutyl  alcohol        C//,  •  67/, •  T/A •  CHfiH  Primar)'.' 

Primary  isobutyl  alcohol  (T//,), :  CH-  C'lIfiH       Primar}'. 

C  IT  •  (hf 
Secondary'  butyl  alcohol         *  ^j^>CHOH  Secondar}". 

Tertiary  butyl  alcohol       {CH^^  \ CO II  Tertiar>'. 

C)f  the  ci^^-ht  pentyl  alcohols  four  are  primary,  three  are 
secrmdar}",  and  one  is  tertiary. 

12,  rrreatcr  facility  in  namini^^  these  numerous  com- 
])ouiuls  is  obtained  by  making  methyl  alcohol,  also  called 
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carbinoiy  the  starting  point,  and  assuming  the  alcohols  to  be 
derived  from  it  by  the  substitution  of  alcohol  radicals  for  the 
hydrogen  in  the  methyl  group.  Then,  the  primary  alcohols 
will  be  mono-substitution  derivatives  of  carbinol,  as  shown 
in  the  following  formulas: 

Carbinol  CI  I,  OH. 

Primary  propyl  alcohol,  or  ethyl  carbinol     ClfJi^CJl^OH, 
Primary  butyl  alcohol,  or  propyl  carbinol     CtlJ^CJI^-OH, 

The  secondary  alcohols  may  be  regarded  as  di-substitution 
products  of  carbinol ;  secondary  propyl  alcohol,  or  dimethyl 
carbinol  CII{CH^^' Oil,  is  evidently  identical  with  isopropyl 
alcohol.  Secondary  butyl  alcohol  is  ct/iyl  victhyl  carbinol 
CH{C^H^{CH^'OII,  Secondary  amyl  alcohol  is  methyl 
propyl  carbinol  CH{CH^(CJI^'OIL  Another  secondary 
amyl  alcohol  i'^  diethyl  carbinol  CII(C^H^^'OII.  The  ter- 
tiary alcohols  would  be  tri-substitution  products  of  carbinol. 
Tertiary  butyl  alcohol  is  irimethyl  carbinol  C{CH^^-OH, 
Tertiary     pentyl     alcohol     is      ethyl    dimethyl     carbinol 

C{C,H,){CHXOff- 

13,  The  three  classes  of  alcohol  are  distinguished  by 
their  behavior  under  the  action  of  oxidizing  agents,  which 
also  serves  to  settle  their  constitution. 

A  primary  alcohol,  when  oxidized,  yields  first  an  aldehyde, 
and  ultimately  an  acid,  containing  the  same  number  of  car- 
bon  atoms  as   the  alcohol   did;   thus,  for  instance,    ethyl 

alcohol  CH^-C<^Q\r  yields  ethyl  aldehyde  CH^'C^rr  and 

acetic  acid  CH^CKqit. 

A  secondary  alcohol,  under  the  same  condition,  yields  a 
ketone  containing  the  same  number  of  carbon  atoms  as 
the     alcohol.      For    instance,    secondary    propyl     alcohol 

{CHX:  C<^^yields  dimethyl  ketone  (C//,), :  C:  0, 

A  tertiary  alcohol  is  either  broken  up  into  two  or  more 
acids  containing  less  carbon,  or  it  may  give  rise  to  a  ketone 
containing  one  atom  less  carbon  than  itself,  the  atom  of  car- 
bon being  oxidized  to  either  carbonic  or  formic  acid.     For 


14  ORGANIC  CHEMISTRY.  §  13 

instance,  tertiarj-  butyl  alcohol  CkCH^)^  OH  y\€[As  acetone 
(C//^)^:  CO  and  formic  acid  HCOOH. 

14-  Another  method  for  distinguishing  between  a  pri- 
mar}'.  5^c<.>ndar}-,  and  tertian-  alcohol  consists  in  converting 
the  alcohol  into  the  c*>!Tesponding  iodide  by  distilling  with 
iodine  and  phosphorus.  The  iodide  is  distilled  with  a  mix- 
ture of  silver  nitrite  and  fine  sand,  when  the  corTesp)onding 
nitro]xiraffin  is  obtained;  thus,  ethyl  alcohol  is  converted 
into  ethvl  iodide,  which,  in  its  turn,  vields  nitroethane 
C\H^\C\.  according  to  the  equation: 

ethyl  i'Kiidc  nitri»cthane 

The  distillate  is  mixed  with  potassium  nitrate  and  weak 
potash,  and  dilute  sulphuric  acid  is  gradually  added;  if  the 
alcohol  is  primary,  a  red  solution  of  the  corresponding 
/^i'ftissiufii  iiitrolatc  will  bj  obtained,  the  nitroparaffin  having 
Ixen  converted  into  the  correspc^nding ////r^//r  ^/r/^/ by  the 
nitrous  acid;  thus,  nitroethane  yields  nitrolic  acid: 

ciixir^'XC^-riixo.,  =  cif^C{xo.y.xoH+rr^o 

Nitre  »lic  aciJ.s  are  e<  'l<»rless.  but  their  salts  are  distingtiished 
]»y  tiieir  r^d  c«)l(».".  They  are  very  unstable,  being  dccom- 
})«»slc1  into  liyponitr»)H>  (•xi'je  a:ul  a  tatty  acid;  thus,  nitrolic 
acid  yields  liyponiirou^;  oxide  and  acetie  acid.  If  the  alcohol 
is  seeondary.  a  ])lne  solution  v>f  a  pscudofiitrol  will  Ix: 
ol)tained:  llius.  seeondarv amvl  alcoliol  (If{CIfMCJL)'0/I 
would  yield  the  seeondary  nitroparatlin  (;7/(r// )(t 'y/.)- A'(^.., 
which  would  be  converted  by  //XO.^  into  pscudonitrol 
(\Xn)(C//,)(CJ/.)-X(\,  -ivin--  a  blue  solution.  If  the 
a]e<jhol  is  tertiary,  no  color  is  provluced,  the  tertiary  nitro- 
paraflin  not  beini^  attacked  by  nitrous  acid. 

1  r>.      (iCMHTjil  Method  for  l*rei»ariii^  the  Alcohols. — 

The  easiest  and  most  convenient  method  tor  ])reparing  the 
alcohols  consists  in  treatln^i^  the  ceTrespondinijj-  halogen  stib- 
stitution  ])roducts  or  tlie  hydrocarl>ons  witli  moist  silver 
oxide.      If,    for  instance,    normal  butyl    brotiiide  is  treated 
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with  moist  silver  oxide,  normal  butyl  alcohol  is  obtained,  as 
is  seen  from  the  subjoined  equation : 

=  'ZCH,'  CH^'  CH^'  CHfiH-^  ZAgBr 

The  secondary  and  the  tertiary  butyl  bromides  will,  under 
similar  treatment,  yield  the  secondary  and  the  tertiaiy 
alcohol,  res|Xictively. 

As  the  alcohols  form  the  basis  for  the  production  of  a 
large  number  of  compounds  on  the  small  scale,  their  g^cn- 
eral  reactions  will  be  best  understood  when  these  other  com- 
pounds are  considered. 

16.  Normal  Propyl  Alcohol. — Normal  propyl  alcohol 
CM 'OH  or  CJl'CH.'OHwix^  discovered  by  Chancel  in 
1S5T.  It  is  found  in  the  latter  portions  of  the  distillate 
obtained  in  rectifying  crude  spirits  of  wine.  It  is  a  color- 
less liquid  with  a  pleasant  odor.  It  boils  at  1)7°  and  has  a 
si^ecific  gravity  of  .82.  It  is  miscible  with  water  in  all  pro- 
portions, from  which  it  can  be  again  separated  on  adding 
calcium  chloride.  By  oxidation,  it  is  converted  into  propi- 
onic aldehyde  C^H^-CHO  and  propionic  acid  CJI^-COJf. 

Isapropyl  alcohol  is  a  coh)rless  licjuid,  which  boils  at  8.V 
and  which  can  be  '* salted  out**  from  aqueous  solutions  like 
the  normal  alcohol.  It  may  be  obtained  by  reducing  acetone 
with  nascent  hydrogen. 

17.  IJutyl  Alcohol.— Butyl  alcohol  C  H-OH,  which  is 
mentioned  in  Table  1  as  being  obtained  from  the  fusel  oil 
from  the  rectification  of  beet-root  alcc^hol,  is  now  frequently 
called  fermentation  butyl  alcohol  or  pr unary  isobntyl  alcohol^ 
to  distinguish  it  from  the  normal  butyl  alcohol,  which  is  the 
real  member  of  this  homologv)us  series.  Fermentation  butyl 
alcohol  was  discovered  by  Wiirtz  in  ISo'^.  It  dissolves  in 
10.5  times  its  own  volume  of  water,  and  boils  at  100",  and 
so  cannot  be  the  normal  member  of  this  series,  which 
requires  an  average  increase  of  10.5°  in  the  boiling  point  for 
each  additional  carbon  atom  (see  Art.  3).  It  is  a  colorless 
liquid,  having  a  strange  odor  resembling  fusel  oil,  and  has  a 
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specific  gravity  of .  8<  »5.     It  may  be  salted  out  of  its  aqueous 
sc»luti(.>n  bv  nearly  all  salts  which  are  soluble  in  water. 

Xorffhil  butyl  alcohol  ox  propyl  carbinol  C^H^'CH^-OHis 
a  liquid  havin^^  a  pleasant  odor,  boils  at  117**,  and  has  a 
specific  gravity  of  .8*24.  It  is  obtained  by  the  action  of 
sodium  amalgam,  in  presence  of  i^-ater,  to  furnish  nascent 
hydn»gen,  on  butyl  aldehyde: 

r>, 

I        -{-llf  =  C,H-CH-OH 
Clio 

butyl  aldehyde 

SitonJiiry  butyl  alcohol  was  obtained  by  De  Lu\Ties,  and 
has  the  formula  ClI^CH^CH:  OHCH^.  It  boils  at  about 
9*J°  and  has  a  specific  gravity  of  .85. 

Tertiary  butyl  alcohol  is  also  known  under  the  name  of 
trimcthyl  carbinol.  It  is  a  compound,  crystallizing  in 
prisms  and  melting  at  '^G"".  Its  boiling  point  is  about  83°, 
and  it  is  soluble  in  water  in  all  proportions 

18.  Amyl  Alcohols. — Amyl  alcohols  have  the  formula 
CJI^S^,  and  there  exist,  theoretically,  eight  isomeric  amyl 

alcohols,  th(.)U<^]i  only  seven  are  known  so  far. 

1.  Four  primary  alcohols  thai  may  be  regarded  as  formed 
by  tb.c  subsiituti<«n  of  various  alcohol  radicals  for  one  atom 
of  hydrogen  of  the  methyl  group  in  methyl  alcohol: 

//  C■{CII^,    <-^ff<,'n     ^^^.•<^.^.    CH,-C,H, 

CllrOir    CIL-OH    CH,-OH      CIT^-OH      CH^-OH 

niutliyl       tertiary  l)utyl   active  amyl      normal  amyl     amyl  alcohol 
alcohol  carbinol  '  alcohol'  alcohol  of  femienta- 

(only  tlieoret-  butyl  carbi-  tion 

ically  known)  nol  isobutyl  car- 

binol 

2.  Three  secondary  alcohols,  in  which  two  atoms  of  hydro- 
gen of  the  methyl  group  in  methyl  alcohol  are  replaced  by 
alcoholic  groups: 

//  cji,  c.n.  c,H^ 

af,-Oir    CJT—CHOH    CIT—CHOH    CII—CH-OH 

metliyl  diethyl  pro])ylnietliyl  isopro])ylmethyl 

alcohol  carbonyl  carbinol  carbinol 
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3.  One  tertiary  alcohol,  in  which  one  ethyl  group  and  two 
methyl  groups  replace  the  three  hydrogen  atoms  of  the  CH^ 
in  methyl  alcohol: 

H  CH^ 

H—C—OH  CH—COH 


\, 


u 


methyl  alcohol  "^^m^^^ 

Normal  awyl  alcohol  CH^'CH^'CH^^CH^CH/OH  is  a 
liquid  of  specific  gravity  .829,  which  boils  at  137°,  and  which 
is  almost  insoluble  in  water. 

A  fpyl  alcohol  of  fermentation  pi_T>  CH-  CH^  •  CH^  •  OH  is 

obtained  by  fractional  distillation  of  the  fusel  oil  from  pota- 
toes and  beet  root,  as  well  as  of  that  from  grapes,  whisky, 
etc.  Pure  isobutyl  carbinol  is  a  colorless,  somewhat  oily 
liquid,  soluble  in  50  parts  of  water.  It  has  a  specific  gravity 
of  .823  and  boils  at  131.4°. 

The  crude  isobutyl  carbinol  is  an  oily  licjuid  with  an  offen- 
sive odor.  It  boils  at  129°  to  132°  and  turns  the  plane  of 
polarized  light  to  the  left.  Tertiary  amyl  alcohol  or  dimethyl 
ethyl  carbinol  is  a  mobile,  colorless  liquid,  having  an  odor 
resembling  that  of  camphor.  At  — 12°  it  forms  a  crystalline 
mass,  it  boils  at  102.5°,  and  at  200°  is  decomposed. 

19.  Higher  Alcohols. — Of  the  rapidly  increasing  num- 
ber of  higher  alcohols,  only  a  few  of  the  most  important  can 
be  considered  in  this  treatise. 

Normal  hexyl  alcohol  CJi^^^CH^-OII  has  been  obtained 
from  the  volatile  oil  of  the  seeds  of  an  umbelliferous  plant, 
Heraclcum  giganteum^  which  contains  butyrate  of  hexyl 
C^H^^'CJI^O^^  and  which  yields  the  alcohol,  when  distilled 
with  potash: 

C,H,^'C,H,0,  +  KOH  =  CJ/,,0//+  CJJ.-COOK 

The  normal  alcohol  boils  at  157°.  The  fermentation  hexyl 
alcoholy  or  caproyl  alcohol^  which  boils  at  150°,  is  that  obtained 
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by  distilling  fermented  grape  husks;  it  has  a  more  unpleasant 
smell  than  the  normal  alcohol. 

Xoruuil  capryl^  iv:  octyL  alcohol  CJf^,'OH\s  obtained  from 
the  essential  oil  of  the  cow  parsnip  or  hog^veed  (Hcrackum 
spondyliuni)  by  distilling  it  with  potash,  which  decomposes 
the  octy I  acetate  of  which  the  oil  chiefly  consists: 

cii^coocjf^,  +  Koi{  =  ry/„c>//+  ch^ook 

II  boils  at  l'.»P  and  has  a  six^cific  gravity  of  .i>3.  Bonis  dis- 
covered secondary  octyl  alcohol.  Bv  boiling  one  of  the  acids 
l)r(Kluced  by  the  sajx^nification  of  castor  (nl,  ricinolic  acid, 
with  i)otassium  hydrate,  he  succeeded  in  obtaining  scback 
acid  and  a  new  secondary  alcohol.  This  secondary*  octyl 
alcohol  is  a  c(.lorless  liquid  with  a  pleasant  aromatic  odor, 
c'.nd  it  boils  at  1«U  .  The  subjoined  equation  explains  itsfor- 
malion  sufiicicntly: 

ricinolic  potassium  (K'tyl 

acid  scbacatu  alcohol 

Cctyl  alcoJiol,  or  ciJial  C\^H^Olls  is  obtained  from  sper- 
iiKiccli  found  in  I  he  cranial  sinuses  of  the  sjxirm  whale. 
This  snhslancx'  is  r<7///,  or  cctyl  palniitate,  and,  when  boiled 
for  some  linie  willi  potash  dissolved  in  alcohol,  it  yields  cetyl 

alcohol  and  ])olassinni  palinitate: 

(\1I_,C00CJI  A-KOII  ^.  CJI,^-OII\CJJ,,-COOK 

On  niixinL;'  tlie  aleoholir  solution  with  water,  the  cetyl 
aU-ohol  is  ])r(.'ripitatc'(l  in  tlie  s(.li(l  state,  being  itself  insoluble 
in  water.  Cetyl  aleohol  is  a  crystalline  body,  fusingat  40.5^ 
and  boilin'''  at  .')  II  '. 

Ccryl  (ilcoJiol  C.ll  -O II  is  pre])ared  from  Chinese  wax, 
the  ])rodnet  of  an  insect  of  the  cochineal  tribe.  Its  chief 
constituent  is  ccrotiiK  <'r  ccryl  ciii>tatc^  and,  when  fused 
with  potash,  L;ivcs  ceryl  alcohol  and  potassium  cerotate, 
accordinj^"  to  tlic  subjoine-d  ecjuation: 

cji  -cooi  .ii^a\-koii  =  r,//,-  oii^cji^^-cook 

\\\  licatini^^  the  fused  mass  with  water,  the  cerotate  isdis- 
solvcd,    and   the  eeryl   aleohol,   which  remains   undissolved, 
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may  be   obtained   in  crystalline  form  by  dissolving  it  in 
ether. 

Mclissyl^  or  vtyricyl^  alcohol  C^JI^^OII  is  derived  from 
beeswax.  When  this  is  boiled  with  alcohol,  about  one-third 
of  its  weight  is  left  undissolved ;  this  is  myricin^  or  mdissyl 
palmitatc  C^Jl^^-COOC^^H^^,  By  fusing  this  with  potash,  it 
is  made  to  yield  potassium  palmitate  and  melissyl  alcohol, 
which  latter  is  a  crystalline  substance,  fusing  at  85"^. 


MOXOHYDRIC   ALCOHOLS   OF  THE   OLEFIXE   AND 

ACETYLENE   SERIES. 

20.  The  alcohols  of  this  class  are  formed  from  the 
olefine  and  the  acetylene  series  in  exactly  the  same  man- 
ner as  the  ordinary  alcohols,  just  studied,  are  formed  from 
the  paraffin  series.  Their  general  formulas,  therefore,  are 
6^„//„._,0//  and  C,^H^,^_^OIl,  respectively.  They  are 
unsaturated  compounds  and  readily  combine  with  hydrogen 
to  form  the  alcohols  of  the  preceding  class.  Those  that  are 
known  are  primary  alcohols;  as,  for  instance,  allyl  alcohol 
6V/,:C//-C//,-0//,  formed  from  propylene.  Vinyl  alcohol 
Clf^ :  C//'  OH,  the  basis  of  which  is  ethylene,  is  a  secondary 
alcohol,  which  probably  exists  in  crude  ether.  It  cannot, 
however,  be  isolated  because  it  is  immediately  transposed 
into  aldehyde  CH^CHO. 


21.     Allyl    Alcohol.  — Allvl   alcohol  C^H-OH  or 

^  3  3 

CH^:  CHCH^'OH  is  formed  in   several  ways  from   glyc- 
erine : 

1.  By  introducing  two  chlorine  atoms  into  glycerine 
C^H^{OU)^  in  the  place  of  two  hydroxyl  radicals,  we  obtain 
dichlorhydrin  CJI^Cl^OHy  according  to  the  subjoined 
equation : 

CHOH  CHCl 


CHOH  +  ^^^  =  CHCl    +  2//,  (9 


CHfiH  CHfiH 
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The  dichlorhydrin  thus  obtained  is  treated  with  sodium, 
which  extracts  the  chlorine: 

CH^Cl  CH^ 

I  I 

CHCl    +2Aa  =  CH         +2Naa 

I  I 

CN^O/f  CH^'OH 

2.  By  treating  glycerine  with  iodide  <rf  phosphoms,  allyl 
iodide  CJIJ  is  formed,  and  by  treating  the  iodide  with 
moist  silver  oxide  it  is  converted  into  allyl  alcohol. 

3.  By  healing  4  parts  of  glycerine  with  1  part  of  crystal- 
lized oxalic  acid  in  a  retort  at  about  195**,  as  long  as  water 
distils  over,  and  afterwards  raising  the  temperature,  when 
the  allyl  alcohol  distils  over,  the  glycerine  is  first  converted 
into  tfionoformin  : 

CH.OIf'  CHOH'  CH^OH+  {COOH\ 

-*  oxalic 

glycenne  ^^^ 

=  C//,  OH-  CIIOH-  CHX  OCHO)  +  CO,  -^cHfi 

nionoformin 

The  monoformin  is  then  decomposed  into  allyl  alcohol, 
water,  and  C0.^  thus, 

Cllfill'  CHOIL  CHIOCHO) 

iTJonoformin 

=  CH,_ :  CII-  Cllftll^  II S>  +  CO^ 

allyl  alcohol 

Allyl  alcohol  is  a  mobile  liquid  with  a  suffocating  odor; 
its  boilin^,^  point  is  at  i»r°,  and  it  has  a  sjx^cific  gravity  of  .ST. 
It  dissolves  in  all  pro])ortions  in  water.  Nascent  hydrogen 
docs  not  act  on  it,  or,  at  least,  the  action,  if  any,  takes  place 
with  difficulty.  If  cautiously  oxidized  with  Agfi,  it  yields 
j^^lycerinc,  but  strcm^aT  oxidation  converts  it  into  acrylic 
aidchvdc  or  acrolein  CII/XII'CIIO  and  acrylic  acid 
(lf„\  CI  I 'COO  IL  This  shows  it  to  be  a  primar\'  alcohol. 
('rude  wood  spirit  contains,  as  a  rule,  a  little  allyl  alcohol. 

t>'i.     IM'oparff.vl  Alcohol.— Pro])ariryl,  or propiuyl,  alco- 
hoi  C  If  •  Oil  or  Clf.  C'  CILOII  is  the  alcohol  corresponding 

3  9  ■ 
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with  allylene.  It  is  prepared  by  treating  brom-allyl  alcohol 
CH^  :  CBr-  Cf/^OHvnth  potash,  the  reaction  that  occurs  may 
be  represented  as  follows: 

Cf/^ :  CBr-  CHfiH-^  KOH 
=  CH.C'CHfiH-^KBr-^Hfi 

It  is  a  mobile  liquid  with  an  agreeable  fragrant  odor, 
it  has  a  specific  gravity  of  .96,  boils  at  115°,  and  bums  with 
aluminous  flame.  Since  it  contains  the  C//:  C  group,  it 
is  capable  of  yielding  metallic  derivatives;  for  instance, 
cuprous  propargyl  alcohol  CCu  CiCH^OH^  which  is 
obtained  as  a  g^een  precipitate. 


MOXOIIYDmC  ALCOHOLS  OP  THE  BEKZEXE  SERIES. 

23,  It  would  appear  at  first  sight,  as  though  the  hydroxyl 
compound  produced  by  introducing  OH  in  the  place  of  one 
of  the  hydrogen  atoms  of  benzene  should  be  an  alcohol.  If 
the  structure  of  benzene  were  correctly  represented  by  the 
benzene  ring,  however,  this  alcohol  would  partake  of  the 
nature  of  a  tertiary  alcohol,  since  OH  would  be  combined  to 
a  carbon  atom,  itself  attached  by  three  atom-fixing  powers 
to  two  other  carbon  atoms.  As  a  fact,  however,  the 
hydroxyl-substitution  products  of  the  benzene  hydrocarbons 
cannot  be  classed  with  the  alcohols  when  the  substitution 
occurs  in  the  benzene  nucleus.  Such  substitution  products 
as  C,HJ^OH\C,HXOH)^,C,HXOH){CH^  differ  to  such  an 
extent  from  the  alcohols  that  they  are  classed  apart  under 
the  name  phenols. 

Only  such  hydroxyl  derivatives  of  benzene  hydrocarbons 
are  considered  alcohols  (and  are  termed  aromatic  alcohols^ 
as  have  the  group  C?//" substituted  for  H  in  the  side  chain; 
thus,  while  CJJXOH)CH^  is  a  phenol,  its  isomeride 
C^H^'  CH^'  OH  \s  a  primary  alcohol,  known  as  benzyl  alcohol 
or  phenyl  carbinoL  Fig.  2  represents  the  structure  of  the 
C^Hj{^OH)CH^  molecule,  while  Fig.  3  represents  that  of  the 
CJijCH^'OH  molecule;  the  illustrations  show  clearly  the 
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(iiiTcTcncc.     It  will  be  clearly  seen  that  it  is  fH:>ssible  to 
have  secondary  alcohols — v.^.,  C\I/^'CIIOII'CH^{irom  ethyl 

]>cnzene)  —  and    tertian'  alcohuls — e.  g.,    L\H^COH<  ..J 
(from  iso])n>pyl  benzene). 


H 


f  OH 


nc  c — on  Hc  c  —  c — h 

II    I  'f      II    I  i 

UC  ^C C H  BC  CU 

U  U  H 

i-i-;.  J.  Fio.  a. 

l■^^r  cvltv  alcohi'l  tlicre  is  an  isomeric  phenol,  and  it  is 
])ns>il)]u  to  have  a  i»licnyl  alcoliol;  as,  for  instance. 

Like  the  ])arafhn  alcohols,  the  aromati^  alcohols  may  lie 
]>rel)ai\d  i\'i^u\  the  hal<»,i^Ln  substituted  hydn)carbons  by  the 
iieiion  of  moi^t  silver  oxide  or  an  alkali,  but  the  substituted 
ha]o;^eii  inu>t,  of  coin>e,  be  in  tl:e  side  chain,  e.  j(. , 

C  1 1  -CII S  I  (bcnzvl  chloride). 

*il,  I»ciiz\  1  Ah-oliol.  -  T')er.z\  1  a!e«;hol,  or  hcuzoic  alco- 
liol ('/[.(  1 1 J  ^  //,  is  f"iiii(l  in  ii.;tnre  in  the  balsams  of  IVrii 
.'.n<l  'I'"ir.,  :  :i'l  in  ^ll■:•a:\.  In  ill;  se  substances  it  is,  f(>r  the 
r.)i)^t  i».:n.  in  ( > 'n'.bin.ition  w'lli  benz<-:c  imd  cinnamic  aciils. 

I 

It  is  ])rei)ar((l  by  tiu.Ltir.L;-  the  oW  of  bitter  almonds,  wh.ich  i> 
the  correspcuulinuT  :ii>lLhyde,  villi  nascent  hydrogen: 

It  is  als<^  i>r(:p;.red  1  y  re])la(inLr  the  ehlonne  in  l-;cnr.yl 
chlorido  i\.If.-Cl IJl  by  hydrox\l,  wliieh  can  be  accom- 
l)lislie(l  by  boilin.t^^  the  eliloriile  f-  r  s'-n-e  time  with  water. 
Tho  replacement  may  bt^  expressed  l-y  the  ecpiation: 

cji :Ciixi-^irp  .--  (\if,c/f.o/[^-Ha 

Benzyl  alcohol  is  a  colorless  oily  liquid  with  a  faint  but 


rp 
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disagreeable  odor.     Its  specific  gravity  is  LOG,  and  its  boil- 
ing point  is  at  206°. 

Only  a  limited  number  of  alcohols  analogous  to  benzyl 
alcohol  have  been  prepared,  and  they  are  not  of  sufficient 
importance  to  be  considered  here. 


TIIIO-AIX'OIIOLS,   Oil   Sl'LPIirn   AIX:OIIOI..S. 

25.  Thio-alcohols,  or  sulphur  alcohols,  also  known  as 
incrcaptans,  are  derived  from  the  alcohols  by  the  substitution 
of  sulphur  for  oxygen. 

26.  Mercaptan. — Mercaptan  C^H^SH  obtained  its 
name  from  its  remarkable  action  on  mercury  compounds 
{mcrcurio  aptiivi).  It  is  prepared  by  distilling  calcium  sulph- 
ethylate  with  potassium  hydrosulphide: 

calcium  sulphethylate  mercaptan 

A  solution  of  potassium  hydrosulphide  is  made  by  passing 
//,^S  to  saturation  into  a  solution  of  potash  (Sp.  Gr.  1.3), 
and  this  is  distilled  with  an  equal  volume  of  calcium  sulph- 
ethylate of  the  same  specific  gravity.  The  mercaptan,  which 
is  characterized  by  its  powerful  odor,  resembling  garlic, 
fonns  the  upper  layer  of  the  distillate.  Mercaptan  is  a  vola- 
tile liquid  of  specific  gravity  .835,  and  a  boiling  point  at  36°. 
It  burns  with  a  blue  flame,  and  is  only  sparingly  soluble 
in  water,  but  dissolves  readily  in  alcohol  and  ether  It  is 
unaffected  by  caustic  alkalies,  but  potassium  and  sodium  act 
on  it,  displacing  hydrogen  and  form'm^  pof  ass  if  n/i  jnercaptidc 
C\H^SK  and  sodium  vicrcaptide  CJf^-SXa,  both  of  which 
have  crystalline  structures  and  are  soluble  in  water. 

Mercuric  oxide  reacts  with  mercaptan,  forming,  with  evo- 
lution of  heat,  a  white,  crystalline,  and  inodorous  compound, 
which  is  kno>\Ti  as  mercuric  mcrcaptidc  {C.^H^S).^Hg,  The 
reaction  that  takes  place  may  be  expressed  by  the  following 
equation : 
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Mercuric  mercaptide  is  insoluble  in  water,  but  soluble  in 
alcohol  and  strong  hydrochloric  add.  Mercaptides  of  other 
metals  may  be  precipitated  by  metallic  salts  from  an  alco- 
holic solution  ci  mercaptan.  They  axe  also  called  thio- 
cth'.'xicles. 

27.  Diethyl  Snlphlde.  —  By  distilling  mercuric  mer- 
captide, ditthyl sulphidt\  or  thio-ethcr  CJi^-S^CJH^y  maybe 

f  *bta:ned : 

(CJI,S)JIs  =  (C.//,).5+  HgS 

This  compound  may  also  be  prepared  by  distilling  potas- 
s:i:m  sv-lpheihylaic  with  potassium  sulphide: 

It  closely  rcsen^.blcs  n^ercaptan,  but  has  a  much  higher 
l>oii:::;^^  pint,  namely,  1«2^  Its  alcoholic  solution  gives, 
Willi    ir.ereuric    chloride,    a    white    cr}'Stalline    precipitate 

(6://.»...s\//-r/. 

2S.  Kthyl  DlsiilpliUlo. — Ethyl  disulphide,  or  ifiif/ijl 
iiisulf^hidc  {(  J/.).S,,,  is  obtained  when  potassium  disulphide 
iiivl  -rJi^htthyLitu  arc  distilled,  or  by  heating  mercaptan  and 

h^uljihur  to  l'»o  : 

:l(C.//,S//)  +  S=  {CMX^S^  +  H^S 

or  by  (lccf»n:i)osi:i,i:^  sodium  mercaptide  with  iodine: 

It  is  an  iin]>lcasant  smelling  liquid  of  relatively  high 
l>oiliiiiL^^  ])oint  (ir»l  ). 

21h      Kfliyl    C>xysuli>hldo.— This  comjwund  {CJf^^OS 

is  a  lliick  licjuid,  whieh  is  misL'il)lc  in  water.  Diethyl  iri- 
sulpJiidi  (CJ/XS.^  is  obtained  by  heating  the  disulphide  with 
snli)lmr.  Diethyl  titrnsulphuic  (CJl.).,-^,  is  the  product  of 
tlic  action  of  disnli)hur  diclib>ride  on  mercaptan: 

S\C7,  +  :>{C,//,-S//)  =  (CJfXS.  +  'iHCl 

It  IS  a  colorless  oily  licjnid  which  is  converted  into  diethyl 
l)entasnl])hidc  ((\lO.,S,^  hy  heatinj,^  with  sulphur  at  150°. 
Diethyl  ])entasulphide  is  a  soft,  elastic  mass. 
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30.  Diethyl     dioxysulphlde,    or    ethyl     sulphone 

(C^H^^SO^y  is  obtained  when  ethyl  sulphide  is  oxidized  by 
strong  nitric  acid.  It  is  a  very  stable  crystalline  solid, 
which  fuses  at  70°,  sublimes  at  100°,  and  boils  at  248°.  It 
is  soluble  in  water  as  well  as  in  alcohol. 

When  ethyl  sulphide  and  ethyl  iodide  are  heated  together 
with  a  little  water  for  a  number  of  hours  in  a  flask  with  an 
inverted  condenser,  the  mixture,  on  cooling,  deposits  color- 
less prisms  of  triethyl-sulphine  iodide  (C^H^JS-I^  which  are 
insoluble  in  ether,  but  soluble  in  water  as  well  as  in  alcohol. 
This  compound  is  distinguished  for  producing  a  series  of 
compounds  in  which  the  iodine  is  replaced  by  other  halogen 
radicals,  giving  rise  to  triethyl-sulphine  salts,  in  which  5  is 
quadrivalent;  thus,  in  the  iodide,  it  is  attached  to  four 
monad  radicals,  viz.,  (C,//J,  and  /.  By  decomposing  the 
iodide  with  moist  silver  oxide,  the  triethyl-sulphine  hydroxide 
(C^H^^S'  OH  is  obtained.  It  is  a  deliquescent  crystalline 
compound,  possessing  the  property  of  a  powerful  caustic 
alkali. 

31.  Dlethyl-sulpho- dimethyl   methane 

(CH^^C{SO^C^H^^  is  used  under  the  name  of  sulphonal  as 
one  of  the  most  favored  modem  hypnotics.  It  is  a  colorless 
solid,  crystallizing  in  prisms,  melting  at  125°,  and  boiling  at 
300°.     It  is  only  slightly  soluble  in  water. 

32.  Xanthie  Acid.— Xanthic  acid  C^H^O'CS-SH  is 
obtained  as  a  potassium  salt  by  saturating  alcohol  with 
potassium  hydroxide  and  stirring  with  excess  of  carbon 
disulphide : 

C^H^'OH-^CS,  +  KOH  =  CJf,'0'CS^K+H^O 

potassium  xanthate 

Potassium  xanthate  forms  brilliant,  slender,  colorless 
prisms.  It  is  freely  soluble  in  water  and  alcohol,  but  insol- 
uble in  ether,  and  is  gradually  destroyed,  on  exposure  to  air, 
by  the  oxidation  of  part  of  the  sulphur.  Xanthic  acid  may 
be  prepared  by  decomposing  this  salt  with  dilute  sulphuric 
or  hydrochloric  acid.     Xanthic  acid  is  a  colorless,  oily  liquid. 
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heavier  than  water,  of  powerful  characteristic  odor,  and  vcn* 
combustible  ;  it  reddens  litmus  paper.  Exposed  to  a  gentle 
heat  (about  "^4'),  it  is  decomposed  into  alcohol  and  carbon 
disulphide.  li^xposed  to  air,  or  even  kept  beneath  the  sur- 
face of  water  oi)en  to  air,  it  becomes  covered  with  a  whitish 
crust  and  is  gradually  destroyed. 

Xaniliic  acid  may  Ix;  represented  as  the  sulphur  analogue 
of  hydn»xyi)ropi()nic,  or  lactic,  acid  C^H^{OH)'CO'0H, 
Potassium  ])r()pionate  is  formed  when  CO^  acts  on  potassium 
cthoxidc  (sec  Art.  (>),  while  the  xanthate  is  formed  when  CS^ 
acts  on  C\.//'()/l  and  KOH,  which  are  eqtiivalent  to  potas- 
sium cthoxitlc  and  water. 

WW.  Kth.vl  sulphliili-  lu-Ul  CJl^'SO'OHl^  obtained  as 
a  zinc  salt  by  I  lie  action  of  sulphur  dioxide  on  a  cooled 
ethereal  solution  of  zinc  ethide: 

The  acid  itself  is  a  syrupy  liquid.  It  can  evidently  be 
regarded  as  ])ropionic  acid  L\U -COOII^  in  which  the  car- 
bon of  the  earboxyl  is  re])laced  by  quadrivalent  sulphur. 

Kdivl  sulplionie  au*i<I  C.//.SC\^'0/l  is  prcxluced  when 
I  tli\l  sul])hin:«'  arid  (J/  -Si^  (U/  \^  oxidized  by  nitric  acid. 
It  is  liU  oily  litiiiiJ  (Sp.  (Ir.  l.))),  which  may  1x3  crystallized  by 
(.oolin*'-  1 1  forms  wiv  soiul^le  salts,  which  are  not  readilv 
(!i  eonij'<.^\'t]  l.y  hc;it.  This  aeid  nuy  be  regarded  as  derived 
I  roni  :!K-oh«)l  ('  //  -i^JL  b\'  th.e  sn])Sti:ution,  for  the  OIL  of 
the  siii]>hiiri<.'-;iei'  i  i  ».sitliu-  .Sf  ^.-  ^  V/  (or,  what  isthe  same  thing, 
I /.S(\- -  (^  I /).  \\\\\W  eihyl  sul])hinic  acid  contains  the  sul- 
l'hur<'us-:ieiil  resichie  S(^(U/  (or  S(>  /f,—  OH),  By  treat- 
ment with  JX7 ,  the  (^//  in  ethyl  sulphonic  acid  may  l>o 
replaeed  by  67,  producing  ethyl  sulphonic  chlondc 
(\//'SO,a. 

DTlTVDinr    ALCOHOLS,   OIJ   (GLYCOLS. 

34.  Dihydric  alcohols  may  be  regarded  as  being  derived 
from  saturated  hvdroearbons  bv  the  substitution  of  two 
e(|uivalenls  of  hydroxyl  for  two  atoms  of  hvdrog^en  ;  or, 
equally  well,  as  c)lcrme  comixnnuls  that  have  combined  with 
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two  hydroxyl  groups.  The  latter  assumption  is  expressed 
by  their  nomenclature;  viz,  ethylene  glycol,  propylene 
glycol,  butylene  glycol,  etc. 

They  are  formed,  as  a  whole,  by  the  following  processes  : 

1.  By  combining  an  olefine  with  bromine,  treating  the  result- 
ing dibromide  with  an  alcoholic  solution  of  potassium  acetate, 
or  with  silver  acetate,  whereby  it  is  converted  into  a  diacetate 
of  the  olefine,  and  decomposing  this  compound  with  potas- 
sium hydroxide,  whereby  potassium  acetate  and  a  dihydric 
acid  are  formed,  the  latter  of  which  may  be  distilled  off: 

CJIJir,   +   -lAgOCJIfi^^AgBr^CJIXOCJIfi)^ 

ethene  bromide        silver  acetate  ethcnc  diacetate 

C,HXOCjr^O),-^'iKOH  =  2KOC,H^O+  CJUOH\ 

ethene  diacetate  potassium  ethene 

acetate  alcohol 

2.  By  combining  an  olefine  with  hypochlorous  acid,  and 

treating  the  resulting  compound  (a  chlorhydiin)  with  moist 

silver  oxide  : 

CJ/^  +  67(9//     =      CJI^CIOH 

ethene  ethene  chlorhydrin 

iC.H^aOH^Agfi^Hfi  =  'lAgCl  +  'ZCJl^{OH\ 

The  simplest  glycol  would  be  CIf^{OH).^  from  methane; 
this  compound,  ho\ve%'er,  has  never  been  isolated,  and  it 
appears  to  be  a  fact  that  no  compound  whatever  seems  to 
exist  that  has  two  hydroxyl  groups  linked  to  one  car- 
bon atom.  There  is  evidence  to  show  that  in  all  the  gly- 
cols the  C^// groups  are  attached  to  different  carbon  atoms. 
For  instance,  cihyUtie  glycol  is  CIl^OHCHfiH,  not 
Cf/,-CH{OH)^,  or,  graphically, 

H   H  H   H 


If—C—C—H,  and  not  H—C—C—0—H, 

II  II 

0    0  '        Jf    o 


H   H  H 

and  this  one  cannot  exist  in  isomeric  forms.     Propylene  glycol 
maybeeither  CHfill-  CII^-  CH^OII  or  CII.CHO'H-  CIIfiH, 
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the  former  of  which  contains  two  primary  alcohol  g^ups,  and 
may  be  termed  diprimary  glycol^  while  the  latter  is  secondary 
primary  glycol.  Since  disccondary^  ditertiary^  secondary 
tertiary y  and  pritnary  tertiary  glycols  are  possible,  the  cases 
of  isomerism  are  very  frequent. 

36.  The  OH  groups  in  the  glycols  are  capable  of  the 
same  transformations  as  is  the  OH  group  in  a  monohydric 
alcohol ;  the  //  in  them  can  be  replaced  by  alkali  metals,  the 
groups  can  be  exchanged  for  acid  radicals,  etc.  There  are 
two  scries  of  so  substituted  glycols  known;  namely,  one  in 
which  only  one  hydroxyl  group  is  altered,  and  the  other 
in  which  both  OH  groups  are  altered ;  for  instance, 
CH^'ONaCH^OHsinA  CHfiNaCHfiNa,  or  CHjCl-  CHfiH 
and  CH^Cl'CH^Cl 

The  oxidation  of  glycol  results  in  the  same  kind  of  products 
as  result  from  the  oxidation  of  the  alcohols,  but  since  there 
are  two  alcohol  groups  to  be  oxidized,  an  extremely  large 
numlxjr  of  pnxlucts  is  obtained ;  for  example,  the  two 
primary  alcohol  groups  in  CHfiH-CHfiH  can  both  be 
oxidized  to  aldehyde  ^r()iii)s  CHO-CHO,  or  to  acid  groups 
COO  1 1  COO  II,  or  only  one  of  them  may  be  so  oxidized, 
yieldin^^  alcoJiol  aldcJiydcs  CIIOCHfiH  or  alcohol  acids 
COOIf'C/f,OII\  aldeiivde  acids  CHO-COOH  will  also  be 
possible.  If  the  ^lyeol  contains  a  secondary  alcohol  group 
{\ClfOIf),  ki'tofw  alcohols^  ketone  aldehydes^  ketone  acids, 
and  dikitotiis  may  also  be  prepared.  Hence,  the  glycols  give 
rise  to  a  very  lar^e  number  of  derivatives,  many  of  which  are 
very  important,  although  the  same  cannot  be  really  said  of 
tile  glye<;ls  themselves. 

IM\.     cn.vi'ol. — Glycol,    also    known    as    cthene    alcohol 

(\J  1^(0 If),,,  was  discovered  in  1J^^)(;.  It  is  prepared  by  caus- 
iu":  either  iodide  or  bromide  of  ethylene  to  react  with  silver 


acetate  : 

=  (W)"jfj 

silver 
acetate 

ethylene 
diaeetato 
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and  saponifying  the  resuUin(;  ethylene  dUcctate  by  potassium 
hydrate : 

(2)' 


ethyler 


i  diacetate 


glycol 


It  is  best  prepared  by  Hufncr  and  Zolkr's process,  which  con- 
sists ia  decomposing  ethene  bromide 
with  potassium  carbonate.  Ethene 
(see  Art.  81,  Organic  Chemistry, 
Part  1)  is  first  converted  into  ethene 
bromide  by  passing  it  slowly  into  50 
grams  of  bromine  uotler  water,  well 
cooled,  until  the  bromine  is  either 
entirely  or  at  least  nearly  bleached. 
The  heavy  layer  of  ethene  bromide 
is  shaken  with  a  little  weak  potash, 
the  upper  watery  layer  drawn  off,  and 
50  grams  of  the  bromide  heated  with 
40  grams  of  potassium  carbonate  and 
1 00  cubic  centimeters  of  water  for  abou  t 
16  to  18  hours  in  a  flask  connected  with 
an  upright  condenser  as  shown  in  Fig.  4, 
when  ethene  bromide  no  longer  con- 
denses and  runs  back;  the  condenser 
is  then  placed  in  its  proper  position 
(as  shown  in  Fig.  25,  Theoretical  Chem- 
istry), and  the  contents  of  the  flask 
distilled.   Afterallthewaterhaspassed  """  *' 

over,  the  flask  is  strongly  heated  by  a  large  Bunsen  burner, 
when  the  glycol  distils  over. 

The  action  of  potassium  carbonate  on  ethene  bromide  may 
be  represented  by  the  subjoined  equation : 

C^H,Br^-^K,CO^+H^O  =  C^HXOH\-k-%KBr-\-CO^ 

Glycol  is  a  somewhat  syrupy,  colorless,  and  odorless  liquid 
with  a  specific  gravity  of  1.225  at  0°;  it  has  a  decidedly 
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sweetish  taste,  hence  its  name,  which  is  derived  from  the 
Greek  yAiJv rr,  ^/j'^ys,  meaning  **  sweet.'*  (ilycol  mixes 
with  water  and  alcohol  in  all  proportions,  but  it  is  scarcely 
soluble  in  ether.  It  boils  at  197. o""  and  distils  without 
alteration. 

lil.  Glycol  readily  dissolves  sodium,  forming  tfioNosodium 
glycol  CJf^'OII'OXti  and  disot/ium  glycol  C\//^'{OXa). 
Water  converts  both  these  comi)ounds  into  glycol  and  scKliuni 
hvdroxide. 

ca.veol  <*]i1orhy<1i*iii  CJl^-OH-Cl  \^  prepared  by  passing 
hydrochloric-acid  gas  into  glycol* 

glycol  glycol 

cliloriiydrin 

It  mav  also  be  obtained  bv  the  combination  of  ethvlenc 

•  "  • 

(Jl^  with  hypochloroiis  acid  ClOIL  It  permits  the  conver- 
sion of  a  ililiydric  to  a  nionohydric  alcohol,  for  it  yields  ethyl 
alc()hol  when  acted  on  by  the  nascent  hydrogen  from  water 

and  so'liinn  amalifam: 

CJf^OIICl-V'lll  =  CJl.^^'OH+HCl 

When  ( )xi(li>.cd,  it  yields  inonocJiloracctic  aciil  CH^Cl-  C001L 
in  wlii^h  it  is  ('l>vious  that  ^"/cannot  be  attached  to  tlic 
same  c.M'bon  atom  as  that  to  which  the  ^^  and  the  Oil ^x^ 
att:u:lK-d  (or  the  substance  would  not  be  an  acid).  This 
])rovfs  that  .i4lyc(»l  cliloriiydrin  must  contain  CI  and  Oil 
attachctl  to  dil]Vrcnt  carl.xni  atoms,  and  settles  the  constitu- 
tion of  L^lycol. 

The  first  sta^^e  in  tlu*  oxidation  ()f  glycol  is  the  formation 
of  jL,dycol  (fid/di  /iy,/i\  or  ^i^'/y<KVtr/ ;  the  relation  of  this  com- 
pound to  glycol  is  shown  thus: 

r//.,(:>//- ^  7/:/ V/ (glycol) 
CI  10' Clio  (glyoxaf) 

The  products  (jf  a  further  oxiclation  arc  tlic  two  acids: 

COOll'CllXyi  (glycolic  acid) 
COO II- CO'Ol/(oxii\ic  acid) 
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Ilydrobenzoin  (^C^H^)CHOH\  CHOH{CJI^)  is  a  glycol 
derived  from  stilbene  (see  Art.  IIO,  Organic  Chemistry^ 
Part  1).  It  may  also  be  produced  by  the  action  of  nascent 
hydrogen  on  benzoic  aldehyde  CJI^CHO.  It  crystallizes 
in  plates  and  melts  at  about  134°. 


TRIHYDRIC  ALCOHOLS  OR  GLYCEROLS. 

38.  Trihydric  alcohols  are  regarded  as  being  derived 
from  saturated  hydrocarbons  by  substitution  of  3  atoms  of 
hydroxyl  for  3  atoms  of  hydrogen.  Since,  as  has  been 
stated  in  Art.  34,  two  hydroxyl  groups  cannot  remain  com- 
bined with  1  carbon  atom,  there  can  be  no  glycerol  that  con- 
tains less  than  3  carbon  atoms,  and  CJiJl^OH)^  must  be  the 
lowest  member  of  this  group.  The  radicals  of  the  glycerols 
may  obviously  be  regarded  as  trivalcnt  radicals,  that  is 
(Cj/ZJ'";  they  are  known  as  glyceryl,  or  propcnyL  The 
number  of  known  glycerols  is  rather  limited,  and  what  has 
been  said  with  regard  to  isomerism,  substitution  derivatives, 
and  oxidation  products  of  the  glycols,  a])plies  with  even 
greater  force  to  the  glycerols,  where  there  are  three  hydroxyl 
groups  to  be  substituted  and  three  alcohol  groups  to  be 
oxidized. 

39.  Glycerine.  —  Glycerine  CJfXOH)^,  or 
CH^OH'CHOH'CH^'OHy  is  also  known  o.^  glycerol,  or  pro- 
penyl  alcohol.  It  was  discovered  by  Scheclc  in  177!),  and 
thoroughly  investigated  by  Berthelot,  who  demonstrated  its 
character  as  a  trihydric  alcohol. 

Glycerine  occurs  very  widely  distributed  as  the  alcoholic, 
or  basic,  constituent  of  the  fats.  The  acids  with  which  it  is 
in  combination  are  memlxjrs  of  the  fatty-acid  series,  with  the 
exception  of  oleic  acid,  which  belongs  to  a  different  scries. 
Besides  oleic  acid,  the  two  acids  most  frequently  met  with 
in  fats  ^lV^  palmitic  and  stearic  acids.  When  a  fat  is  saponi- 
fied with  caustic  potash,  it  yields  free  glycerine  and  the 
potassium  salts  of  the  acid.     The  reactions  in  the  case  of  the 
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glycerine  compounds  of  palmitic  and  stearic  acids  maybe 
expressed  by  the  subjoined  equations: 

C\1IX0H),+-6C\M„.C00H  =  {C\,ff„'COO),C,If,+3H,0 

glycerine  palmitic  acid  ^'y^'ji-^iTrtln '"*'* 

glycerine  stearic  acid  ^'^'^'^r^ft^n"*^ 

Saponification. 

P^lmitin  glycerine  ^J^Ste 

stearin  glycerine  ^SST 

The  fats  are  also  decomposed  by  superheated  steam,  yield- 
ing free  glycerine  and  the  free  acids,  and  this  method  is 
used  on  a  large  scale,  a  little  lime  being  added  to  facilitate 
the  process.  Lead  oxide  decomposes  fats,  yielding  a  mixture 
of  glycerine  and  the  lead  salts  of  the  acids.  The  mixture  is 
known  in  medicine  as  lead  plaster.  Glycerine  is  formed  in 
small  quantities  by  the  alcoholic  fermentation  of  sugar.  It 
is  obtained  in  lar<^^e  quantities  in  the  arts  as  an  accessory 
product  in  the  manufacture  of  stearin  candlea 

Olycerinc  may  be  produced  from  propenyl  bromide 
{CJf.)r>r,^.  The  process  consists  in  converting  the  propenyl 
bromide  into  pro])cnyl  triacetate  (C\H^{0C^H^O)^  by  the 
action  of  silver  acetate,  and  decomposing  this  acetate  \\4th 
potash.  Or  it  may  alsol)e  prepared  from  propylene  by  com- 
bining it  wiili  chlorine  to  form  propylene  chloride  C^HjCl^^ 
wliicli  is  heated  with  i<  Kline  chloride  to  convert  it  into  propenyl 
tri-i(Kli(le  CJfJ,^ ;  by  heating  this  in  a  sealed  tube,  with 
approximately  twenty  times  its  own  volume  of  water  at 
about  loo'"',  it  is  converted  into  glycerine: 

40.  Proi>ortlos  of  Glycerlno. — Glycerine  is  a  colorless 
licpiid  of  syru])y  consistency  and  taste.     It  has  a  specific 
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gravity  of  1.269,  and  its  boiling  point  is  290°,  at  which  tem- 
perature it  commences  to  decompose  in  part,  giving  oflE, 
among  other  products,  a  substance  called  acrolein  C^Hfi^ 
having  an  intensely  pungent  odor.  It  is  slightly  volatile  at 
100°,  but  is  entirely  stable  at  ordinary  temperatiu-es.  When 
perfectly  pure  and  anhydrous,  it  crystallizes  on  long  expo- 
sure at  —40°,  the  crystals  melting  again  at  17°.  A  strong 
aqueous  solution  of  glycerine,  however,  crystallizes  at  0°, 
especially  if  a  ready-made  crystal  is  introduced  in  the  mass 
thus  cooled.  It  attracts  moisture  from  the  air,  and  mixes 
with  water  and  alcohol  in  all  proportions.  When  heated  to 
150°,  it  becomes  inflammable  and  bums  with  a  flame  resem- 
bling that  of  alcohol. 

Confectioners  and  brewers  use  glycerine  to  sweeten  their 
products,  and  it  is  useful  in  keeping  substances  moist  and 
pliant.  Equal  volumes  of  water  and  glycerine  are  used  for 
filling  gas  meters,  being  much  less  easily  frozen  and  less 
liable  to  dry  up. 

Two  compounds  corresponding  with  the  ethoxide  may 
be  obtained  by  the  action  of  sodium  ethoxide  on  glycer- 
ine dissolved  in  alcohol ;  namely,  sodium  propenoxidc 
C^HJ,OH)^ONa,  and  disodium  propenoxidc  C^H^-  OH(ONa)^. 
Glycerine  does  not  yield  an  aldehyde  when  oxidized,  but  it 
yie\As glyceric  acid  C^H^(OH)^'  COOHy  which  is  also  called  di- 
hydroxypropionic  acid^  since  it  is  propionic  acid  C^H^-  COOH^ 
in  which  2  atoms  of  //"have  been  replaced  by  (OH)^,  The 
best  test  for  identifying  glycerine  is  to  mix  it  with  powdered 
KHSO^  and  heat  it  strongly,  when  the  pungent  odor  of  acro- 
lein, previously  mentioned,  is  perceived.  It  is  the  acrolein 
that  causes  the  oflEensive  smell  of  smoldering  candles  made 
of  tallow.  Another  important  property  by  which  glycerine 
18  distinguished  is  that  of  conversion  into  ftitroglycerin 
C^HJl^NO^^^,  or  aflyceryl  trinitrate,  when  cautiously  added 
to  a  mixture  of  equal  volumes  of  nitric  and  sulphuric  acids 
cooled  in  water.  The  nitroglycerin  separates  as  a  heavy  oil 
when  the  mixture  is  poured  into  much  water,  and  a  drop  of 
the  oil  placed  on  an  anvil  and  struck  with  a  hammer  detonates 
with  a  deafening  report.     Nitroglycerin  is  much  used  for 
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blasting^  in  mines  and  quarries.  It  is  extremely  dangerous 
to  handle  and  has  caused  many  fatal  accidents. 

By  the  action  of  dehydrating  agents  on  glycerine,  1 
molecule  of  water  can  be  abstracted  and  glyctde  alcohol 
CH^  /0\  CH'  CH^OH  produced.  Glycide  alcohol  is  a 
colorless  liquid,  boiling  at  102"^,  and  is  miscible  with  water, 
alcohol,  and  ether.  It  recombincs  with  II fi  to  form 
glycerine  again  and  combines  with  HCl  to  form  chlorhydrin. 

The  trihydric  alcohols  yield  halogen  compounds,  having 
either  one,  two,  or  three  of  the  hydroxyl  groups  replaced 
by  one  of  those  elements;  thus,  glycerine  C^HJ^OII)^ 
yields  a  vionochlorhydrin  CJIJi^OII),^Cly  a  dichlorhydrtn 
C^HXOH)Ci^,  and  a  trkhlorhydrin  C.H^Cl^;  the  latter  is 
identical  with  dichloropropane. 

Monochlorhydrin  and  dichlorhydrin  are  prepared  by  sat- 
urating glycerine  with  hydrochloric  acid,  and  heating  for 
several  hours  at  100°;  this  is  then  neutralized  with  Na^CO.^, 
and  shaken  with  ether.  On  distilling  the  ethereal  solution, 
the  chlorhydrin  comes  over  at  about  2*27°,  which  is  its  boil- 
ing point,  while  the  dichlorhydrin  boils  at  174°.  They  are 
liquids  heavier  than  water,  in  which  monochlorhydrin  is 
more  soluble  than  dichlorhydrin,  and  arc  both  soluble  in 
alcohol  and  ether.  Potash  converts  dichlorhydrin  into  epi- 
chlorhydrin  CJI^'OClhy  removing  HCL 


TETUA-,  PEXTA-,  AND  IIEXA-HYDRIC  ALCOHOLS. 

41.  Alcohols  containing  four,  five,  and  six,  and  even  as 
many  as  seven,  eight,  or  nine,  hydroxyl  groups  are  known  to 
exist.  The  number  of  hydroxyl  groups  present  in  an  alcohol 
is  ascertained  by  heating  the  alcohol  with  acetic  anhydride 
{CII,^CO).fi  and  sodium  acetate,  when  as  many  acetic  radicals 
{acetyl  CII^CO)  will  enter  into  the  composition  of  the  alcohol 
as  there  are  hydroxyl  groups  in  the  alcohol;  for  example,  a 
compound  known  as  erythritc  has  been  classed  as  a  tetrahy- 
dric  alcohol,  because  it  is  known  to  fonn  an  acetate  contain- 
ing four  acetic  radicals: 

C,HiiOH),^i{CII,CO).p=C,H,{OCH^CO),+iCH^COOH 
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The  lowest  member  of  each  series  of  polyhydric  alcohols 
must  have  at  least  as  many  carbon  atoms  as  it  has  OH 
groups,  otherwise  one  carbon  atom  would  be  linked  to  two 
hydroxyl  groups,  and  the  compound  would  break  up.  The 
derivatives  and  oxidation  products  of  these  alcohols  are  sim- 
ilar in  constitution  to  those  of  glycol. 

Most  of  the  known  higher  alcohols  are  obtained  from 
natural  sources.  Many  of  them  are  distinguished  by  a  sweet 
taste,  and  some,  indeed,  were,  for  a  considerable  time,  classed 
with  the  sugars,  with  which  they  are  closely  connected. 

43.  Krythrlto,  erythrol,  or  phyclto  CJIXOIf),,  or 
CHfin\CIIOn)^'CIIfiIh  was  discovered  in  1841)  by 
Stenhouse.  It  is  prepared  from  certain  lichens,  such  as  the 
Roccclla  tinctorUi,  the  Roccclla  inontagnci^  etc. ,  by  boiling  them 
with  milk  of  lime,  filtering,  precipitating  the  excess  of  lime 
by  CO^^  evaporating  the  filtrate  to  a  small  bulk,  and  treating 
with  alcohol,  when  erj'thrite  crystallizes  out  in  prisms,  which 
fuse  at  12G''  and  sublime  at  30:)°.  Er}'thrite  has  a  feeble, 
sweet  taste;  it  is  soluble  in  water  and  boiling  absolute  alco- 
hol, but  insoluble  in  ether. 

Erythrite  shows,  in  some  cases,  reactions  that  are  similar 
to  glycerine.  When  erythrite  is  dissolved  in  nitric  acid, 
c-md  sulphuric  acid  is  added  to  the  solution,  nitro  erythrite 
CJI^NO^^  is  obtained  as  a  crystalline  precipitate,  which 
possesses  the  s:une  explosive  properties  as  nitroglycerin. 

When  heated  with  formic  acid  II-COOII,  it  yields 
erythro'glycol  CJIJ^OH)^^  as  is  seen  by  the  subjoined 
equation: 

When  heated  with  KOH^  erythrite  is  converted  into  potas- 
sium oxalate  and  acetate: 

potassium     potassium 
oxalate  acetate 

43.  Mannlte, ormannUol  CIT^^OH^ClIOH^^'CHfiH, 
will  be  readily  recognized  by  its  formula  as  a  hexahydric 
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alcohol.  Mannite  is  found  widely  distributed  in  the  vege- 
table kingdom.  It  is  the  most  abundant  constituent  of 
tnanna^*  which  is  the  partly  dried-up  sap  that  flows  from 
several  species  of  ash,  and  which  is  obtained  from  incisions 
in  the  bark  of  the  tree.  It  is  prepared  by  dissolving  manna 
in  distilled  water,  in  which  the  white  of  an  egg  has  pre- 
viously been  beaten  up.  After  the  solution  is  boiled  for  a 
few  minutes,  it  is  filtered  and  allowed  to  cool,  when  the 
liquid  solidifies  to  a  mass  of  crystals,  which  are  purified  by 
filtration  and  recrystallization.  Mannite  also  occurs  in  the 
juice  of  trees,  plants,  mushrooms,  seaweed,  etc.  Mannite  is 
soluble  in  water  and  alcohol,  but  insoluble  in  ether.  It  has 
a  slightly  sweet  taste  and  melts  at  166°. 

By  oxidation  in  contact  with  platinum  black,  mannite  is 
converted  into  the  sugar  mannose  CJJ^fi^y  and  when  the 
oxidation  is  continued,  it  is  converted  into  mannonic  acid 
CHfiH{CHOH^^'COJJ.  By  fuming  nitric  acid,  or,  more 
easily,  by  a  mixture  of  nitric  and  sulphuric  acids,  man- 
nite is  converted  into  nitromannitc,  or  mannyl  hcxanitratc 
C^HJ^NO^^y  a  crystalline  body  that  explodes  violently  by 
percussion  or  when  suddenly  heated,  and  is  reconverted  into 
mannite  by  ammonium  sulphide.  With  sulphuric  acid, 
mannite  forms  snlphomannitic  acid  C^H^^O^'^SO^. 

Three  different  and  distinct  varieties  of  mannite  are  in 
existence.  They  vary  in  optical  activity — a  difference  that 
will  be  treated  later. 

Mannite  treated  Avith  hydriodic  acid  is  converted  into 
secondary  hexyl  iodide,  or  hexene  hydriodide : 

=  CH,-  CH^  ■  CH^CH^-CHI-  CII,  +  C//,(?  +  5/, 

secondary  hexyl  iodide 

(G//,3/) 

44.  Biilelto,  or  duleitol  CJfX^H)^,  is  isomeric  with 
mannite.     It  is  a  crystalline  body  obtained   from  manna, 


*  The  manna  of  the  Scripture  was  obtained  from  the  branches  of 
Tamarix  Gallica.  It  contained  no  mannite,  but  a  substance  of  similar 
properties. 


§  13  ORGANIC  CHEMISTRY.  37 

exported  from  Madagascar,  from  which  it  is  extracted  with 
boiling  water.  It  is  found  in  the  sap  of  the  so  called  yellow 
cow-iuJuat  {Melampyrum  nemorosum)^  the  common  spindle 
tree  {Etwnymus  Europ(Bus\  and  the  knotted  figivort  (Sero- 
phularia  nodosa).  It  is  a  viscous,  sweet  substance,  resem- 
bling mannite  in  most  of  its  properties,  but  differing  in 
crystalline  form  and  in  melting  point  (dulcite  melts  at  182°, 
while  mannite  melts  at  1GG°) ;  it  is  nearly  twice  as  soluble  in 
water  as  mannite,  but  much  less  soluble  in  alcohol.  Heated 
with  hydriodic  acid,  it  forms  secondary  hexyl  iodide,  identi- 
cal with  that  obtained  from  mannite. 

Sorbitol,  or  sorbite  C,//^((?//)^,  is  another  isomeride  of 
mannite,  which  occurs  in  the  berries  of  the  mountaui  ash 
(Sorbus  aiicuparid)  in  minute  crystals,  easily  soluble  in  water. 
It  is  more  easily  fusible  (110°)  than  the  others. 

46,  Mannitaue  C^HJ^OH)jO  is  produced  when  mannite 
is  heated  to  200° . 

CMAOH).  =  CJIi,OH)fi^Hfi 

It  is  a  viscous  substance,  very  similar  to  glycerine,  which 
on  long  exposure  to  the  action  of  aqueous  vapor,  is  converted 
into  mannite.  It  forms  compounds,  when  heated  with  fatty 
acids,  that  are  similar  to  the  glycerides. 

46,  Pepseitol,  or  mannohcptitol  CJI^^O^y  is  a  hcpta- 
hydric  alcohol,  which  occurs  in  the  leaves  and  berries  of 
Laurus  pcrsca^  and  has  been  synthetically  prepared  from 
mannose  (a  sugar,  having  the  formula  CJI^fi^,  It  crystal- 
lizes in  microscopic  needles  and  melts  at  188°. 


AT^DEIIYDES. 

47,  The  name  aldehyde  is  derived  from  alcohol  dchydro- 
gcnatum^  which  indicates  that  the  members  of  this  group  are 
oxidized  alcohols.  To  be  more  exact,  they  are  the  first 
products  of   the   oxidation  of   all   alcohols  containing  the 

primary  alcohol  group  'C^^lj^  which   is  converted   into 
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•C^^+//,(9.  They  hold,  consequently,  a  position  inter- 
mediate between  alcohols  and  acids  and  differ  from  the  parent 
alcohols  by  2  atoms  of  //,  and  correspond  with  the  general 
formula  C^H^^^fiHO,     For  instance: 

CH.-C^Q^^       yields        CH,.Ct?j^ 

ethyl  alcx)hol  acetic  aldehyde 

There  are  one  or  more  aldehydes  corresponding  with  each 
of  the  alcohols  so  far  described.     They  are  readily  converted 

by  oxidation  into  the  corresponding  acid,  the  group  C <^  j. 

being  changed  to  C^^rr-     The  aldehydes  are  named  after 

the  acids  into  which  they  are  converted.  Since  the  oxidation 
of  primary  alcohols  to  aldehydes  consists  merely  in  the 
removal  of  //,,  and  since  the  aldehyde  in  all  its  reactions 
appears  to  still  contain  the  alkyl  radical  that  was  originally 
contained  in  the  alcohol,  the  above  view  of  the  constitution 
of  these  compoimds  may  be  presumed  to  be  the  coiTCct  one. 

48.  Table  2  enumerates  the  aldehydes  known  so  far. 
They  may  all  be  prepared  by  heating  the  calcium  sidt  of  the 
corresponding  acid  with  calcium  formate. 

49.  A  gcnetial  idea  of  the  characteristics  and  various 
methods  of  ])rc])aration  of  the  aldehydes  will  be  obtained 
from  the  description  of  the  most  prominent  members  of 
this  class  of  coni])ounds,  the  reactions  of  which  may  be 
considered  identical  with  those  of  the  majority  of  the 
other  aldehydes. 

50.  Ae(»ti<»  A Idolivde.— Acetic  aldehyde  CII-CHO, 
also  known  as  ctliyl  aliicJiydc,  was  discovered  by  Dobereiner 
in  IS-.M.  It  is  pre])arcd  bydistillin^j;-  alcoh(^l  with  manganese 
dioxide  and  dilute  snl])luiric  acid,  or,  better,  by  distilling 
alcohol  with  potassium  dichromate  and  sulphuric  acid.      The 
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process  requires  a  good  deal  of  care,  on  account  of   the 
violence  of  the  action  and  the  volatility  of  the  aldehyde. 


9i 

3iii                    °^s 
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'^*M-9•i-oOT      IOCS                                ,;ot--j2^;* 

i 

i 
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Oxidation  of  methyl  alcohol 
Oxidation  of  ethyl  alcohol 
Oxidation  of  propyl  alcohol 
Oxidation  of  butyl  alcohol 
Oxidation  of  amyl  alcohol 
Distillation    of   calcium    for- 
mate with  calcium  caproate 
Distillation  of  castor  oil 
Distillation  of  castor  oil 
Oil  of  rue 
Oil  of  rue 

Oxidation  of  glycol 
Oxidation  of  glycerol 
Oxidanon  of  allyl  alcohol 

Bitter- almond  oil 
Oil  of  cinnamon 
Oil  of  meadowsweet 
Oil  of  cumin 
Oil  of  anise 
Vanilla  pods 

Distilladon     of     bran     with 
dilute  sulphuric  acid 

a 

< 

1 

-A 

1 
S 

Formic  aldehyde 
Acetic  aldehyde 
Propionic  aldehyde 
But>-ric  aldehyde 
Valeric  aldehyde 
Caproic  aldehyde 

CEnanthic  aldehyde 
Caprylic  aldehyde 
Riitic  aldehyde 
Laurie  aldehyde 
Myristic  aldehyde 
Palmitic  aldehyde 
Stearic  aldehyde 
(ilyoxa!  aldehyde 
G  yceric  aldehyde 
Acr)iic  aldehyde 
Crotonic  aldehj-de 
Benzoic  aldehyde 
Ciimamic  aldehvde 
Salicylic  aldehyde 
Cuminic  aldehyde 
Anisic  aUiehyde 
Vanillic  aldeJiyde 
Pyromucic  aldehyde 

A  suitable  laboratory  apparatus  is  shown  in  Fig.  5,  and 
a  good  way  of  preparing  acetic  aldehyde  is  as  follows; 
120  grams  granulated  potassium  dichromate  are  placed  in 
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the  Florence  flask  vJ,  the  capacity  of  which  should  be  about 
2  hters;  a  mixture  of  l(iO  grams  concentrated  sulphuric  acid, 
480  grams  of  water,  and  180  grams  of  alcohol  is  then  carefully 
prepared,  cooled,  and,  after  it  has  obtained  the  ordinary 
temperature,  poured  very  slowly  through  the  funnel  tube  B 


into  the  flask.  The  two  wide-mouthed  bottles  C  and  D, 
wBich  are  about  half  filled  with  ether,  having  been  previously 
connected  with  the  flask  by  means  of  the  condenser  F,  are 
placed  in  a  basin  filled  with  ice  water.  The  condenser  should 
also  be  supplied  with  ice  water,  or,  if  this  be  impossible,  with 
as  cool  water  as  can  be  obtained. 

As  soon  as  the  acid  mixture  is  added,  the  action  starts,  as 
a  rule,  rather  violently,  and  care  should  therefore  be  taken, 
as  has  been  previously  mentioned,  to  add  the  mixture  very 
slowly.  The  aldehyde  thus  formed,  together  with  some 
alcohol  and  water  vapor,  passes  into  the  condenser  lube, 
where  the  greater  part  of  the  alcohol  and  water  is  condensed 
and  returned  to  the  flask,  while  the  aldehyde,  being  much 
more  volatile,  passes  into  the  ether  in  bottles  C  and  D, 
where  it  is  absorbed.     After  the  action  is  over,  the  apparatus 


J 
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is  disconnected  at  -£",  and  the  ether  bottles  are  connected  by 
means  of  the  small  piece  of  rubber  tubing  at  -£",  with  an 
apparatus  generating  ammonia  gas  and  provided  with  a 
tube  containing  calcium  chloride  to  dry  the  gas.  The  dried 
ammonia  gas  is  passed  into  the  ethereal  solution  of  aldehyde. 
A  beautiful  crystallized  compound  of  aldehyde,  known  as 
aldehyde  ammonia^  is  thus  obtained  and  deposited  in  the 
ether  bottles.  The  ether  is  poured  off  and  the  crystals 
placed  on  filter  paper.  They  gradually  undergo  a  change 
in  the  air,  becoming  yellow,  and  acquiring  a  peculiar  odor. 
The  aldehyde  thus  obtained  may  be  freed  from  water  by 
standing  over  fused  calcium  chloride  and  redistilling. 

The  preparation  of  aldehyde  as  described  above  illustrates 
the  use  of  K^Crfi^  and  H^SO^  as  an  oxidizing  agent  on 
organic  compounds.  The  production  of  aldehyde,  without 
regarding  minor  secondary  reactions,  may  be  represented  by 
the  subjoined  equation  ; 

acelic  aldehyde  chrome  alum 

Considerable  quantities  of  aldehyde  occur  in  the  **  first 
runnings"  obtained  in  the  manufacture  of  alcohol  from 
potatoes  and  sugar  beet,  being  probably  formed  by  oxidation 
of  the  spirit  during  the  filtration  through  charcoal,  to  which 
it  is  subjected  for  the  removal  of  fusel  oil  and  other  impuri- 
ties. 

Aldehyde  is  also  produced  by  distilling  a  mixture  of  an 
acetate  and  a  formate ;  as,  for  instance : 

CH^'COOK-\-H'COOK  ^  CH,'CIfO  + KO-COOK 

potassium  potassium  acetic  potassium 

acetate  formate  aldehyde  carbonate 

This  illustrates  o,  general  reaction  for  produeing  aldehydes^ 
namely,  distilling  a  salt  of  the  corresponding  acid  together 
with  a  formate.  The  calcium  salts  arc,  as  a  rule,  the  best 
adapted  for  this  purpose. 

51*  Properties  of  Acetic  Aldehyde. — Acetic  aldehyde 
is  a  colorless  liquid  with  a  suffocating  odor.     It  boils  at  21°, 
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has  A  spticidc  ^Avicv  *-^c  .."S)L  ox  &\  ami  mixes  in  all  propor- 
t£on:s  wiili  w:ittir.  dicohoL  ami  ecixer.  From  a  chemical  point 
ot  view,  its  ai«  St  cminuzteriscic  property  is  its  power  to  unite 
din^tlv  wiih  ether  subsciacesw  TTiis  aldehvde  is  considered 
a  5truii;^  reducins^  a^iit^  js  it  combines  eagerly  with  oxygen 
to  fonn  acetic  jcid:  thcsw 

iltXtX 

It  rtxl-dces  silvv:r  nitrate  solntions^  depo?ating  the  silver  as 
a  bright  niirr.^r.  and  this  reaction  can  be  used  to  detect  the 
presence  ot  the  i^ubstance.  It  combines  with  ammonia, 
torminiT  aldeh\-vio  ammonia  L\ff^Off\ff^,     It  unites  with 

the  alkaline  bi>tilr»hitesw  forming  crystallizable  compounds 
represented  by  the  tom:tiIas 

CJ{y'ffA'Si.\  and  CJf^OHXaSO, 

!U-  the  acti^^n  v^t  s*-\iiiim  amalgam  and  water,  aldehyde  is 
cv 'averted  ^by  the  nascent  h}iirv>gen  present)  into  alcohol : 

\:\  ::::•>  "t.i'.:  <.url\"atioa  o:  aldehvde,  known  as  met  a/- 
*:'  :."•;..    Vv  >;:':>    rVv:::     :ho    j-otion    of     hvdroxvlamine    on 

-   ^v-x'ta^ooxime 

Tr.is  Sx:v  ro:^rosvr.:<  .i  r/.imo^^v.s  c!a>s,  the  oxinus^  \vhich 
rtrc:«'rnx-i  In-  t':o  rc.^.::  :i  vt  !:\\:rv^xylamine  with  bodies 
c<'r.:a:n::vj'  :'::o  drS  "a  1  ^r  ^u:\  Aoc::c  aldohvdo  unites  with 
hwlr-  •cyanic :.o:d, !«  r-..-::^  :*::o  c*  rr.iv'iind  t//^'C//(0//)(CX), 
1  cj  !:;^:::>r  ''  the  c ; '  • /:  :Vv.- it  ./•:  '*':  :V/;;^.  This  compound 
is  a  :>::::.:.  s  r.iMe  i::  w.^tor  auvl  alcv^hol,  and  billing  at  183 \ 
which  is  cnvLrtOvl  :  y  aciJs  aiu!  alkalies  into  lactic  acid, 
with  the  aisonL:.i;^''<.-!:ie:u  of  anmv-nia. 

If  sulphur  di<:»x::e  is  added  to  a  dilute  magenta  solution 
until  the  latter  is  decolorized,  the  addition  of  a  trace  of 
ahlchvdu  will  immediatelv  restore  the  pink  color.  Nearly 
all  the  ald'-hydes  respond  to  this  test. 
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53.  Polymerldes  of  Acetic  Aldehyde. — Aldehyde  has 
a  great  tendency  to  become  converted  into  polymeric  modi- 
fications by  uniting  with  itself. 

Paraldehyde  CJI^fi^  is  formed  by  adding  a  few  drops 
of  concentrated  sulphuric  acid  to  aldehyde,  which  causes  the 
liquid  to  become  hot.  On  cooling  to  0°,  the  paraldehyde 
solidifies  in  crystalline  form.  It  melts  at  10.5°,  dissolves  in 
eight  times  its  own  volume  of  water,  and  boils  at  124°. 
When  distilled  with  diluted  sulphuric  acid,  hydrochloric 
acid,  etc. ,  it  is  converted  into  aldehyde.  The  specific  gravity 
of  its  vapor  has  been  found  to  be  4. 583,  which  leads  to  the 
molecular  weight  132.4,  and,  consequently,  to  the  formula 
C^H^JD^.  It  is  called  a  polymeric  modification  of  aldehyde. 
Neither  the  cause  of  the  peculiar  action  nor  the  stnicture  of 
the  product  is  known. 

Mcialdi'hyde  CJJ^^O^  is  isomeric  with  paraldehyde  and  is 
formed  in  much  the  same  way,  only  a  tcmixirature  below  0" 
is  most  favorable  to  its  formation.  It  crystallizes  in  needles, 
which  are  insoluble  in  water,  and. but  slightly  soluble  in 
alcohol,  ether,  or  chloroform.  It  sublimes  when  heated  to 
1 12°  without  melting,  and  when  heated  in  a  sealed  tube  at 
116°,  it  .is  reconverted  into  aldehyde.  Determinations  by 
Raoult's  method  show  that  the  molecular  weight  of  freshly 
preparesi  metaldehyde  is  identical  with  that  of  paraldehyde. 
On  standing,  it  is  converted  into  paraldehyde  and,  probably, 
a  substance  having  the  formula  (C\Hfi)^.  Distilled  with 
dilute  sulphuric  acid,  metaldehyde  is  readily  reconverted 
into  aldehyde. 

63,  Formic^  or  methyl^  aldehyde  If-  CHO  was  discovered 
by  Hofmann.  It  is  produced  by  the  sknv  combustion  of 
methyl  alcohol,  brought  about  by  a  red-hot  spiral  of  platinum : 

CH^'OH-^0  =  H^O  +  I/'CHO 

It  is  also  formed  in  the  distillation  of  barium  and  calcium 
formates.  Formic  aldehyde  is  known  only  as  a  vapor  at  high 
temperatures,  and  in  aqueous  solution.     The  latter  has  a 
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scrocari::^  c^<yc  iad  ^•:m^srf:iL  antiseptic  properties;  forma- 
IzM  zs  X  4*>-per-oKi:>  501:1120a  oc  it.  and  is  used  as  an  antipu- 
tresoer.1  Aad  caiiioc.  Ii  naioces  ammoniacal  silver  nitrate. 
Tbe  ejusiiesc  wav  to  pr:4aace  f'xmic  aldehyde  consists  in 
cazri:»c:<Iv  oxidiiin^  nDethjl  alcohol  with  JlmO^  and  H^SO^, 
when  *^zx  part  ot  the  alvx^hot  is  oxidized  to  formic  aldehyde, 
which  then,  cxz-cibtnes  with  the  rest  of  the  alcohol,  yielding 
zKii'jijiiii  CH^  Oth\i^i  when  this  is  distilled  with  dilute  acids, 
it  yields  formic  aldehyde  aad  methyl  akohoL  If  an  aqneous 
soI;i::on  of  formic  aloehyde  is  evaporated  over  sulphuric  acid, 
the  polymeride  :rL'XTm€:kjUm^.  o€  fara/ermaldehjde  CJijO^^ 
is  obtained.  When  heated,  this  begins  to  volatilize  at  100°, 
it  fuses  at  1-5'i*  and  :s  converted  into  the  gaseous  formic  alde- 
hvde;  \i  the  latter  is  collected  over  mercurv,  it  becomes 
gradually  reconverted  into  the  pol\Tneride.  When  formic 
aldehyde  is  allowed  to  remain  in  contact  with  lime  water,  it 
undergoes  a  polymerization  that  producesy^»rw^»5/',  a  mixture 
of  sugars  C^H^^O^  This  change  is  of  remarkable  impor- 
tance, owing  to  the  fact  that  it  is  the  beginning  of  synthesi- 
zing sugars. 

54.  Prct:c9::c  tihichydc  CJf^CHO  is  prepared  by  oxi- 
dizing nonr.al  pri^pyl  alo  'hoi,  or  by  distilling  a  mixture  of 
calcium  propionate  and  formate.  It  has  a  specific  gravity  of 
.804  at  *2o-,  it  boils  at  4v~\  and  dissolves  in  five  volumes  of 
water. 

VaUral^  or  isciahric,  ahiihydt  has  a  characteristic  and 
oppressive  smell  of  apples.  Its  sjxx^iiio  gravity  is  .82  and  it 
boils  at  95.5^. 

Glnanthic  aldthydc.  or  a:nautho!  C^H^^-CHO,  is  extracted 
by  hydrogen  sodium  sulphite  from  the  liquid  obtained  by  the 
destructive  distillation  ( »f  castor  oil.  It  has  a  specific  gravity 
of  .8*27,  boils  at  155^,  and  has  a  nauseating  odor. 

55.  Aerj'llc  and  Crotonie  Aldehydes. — Of  the  alde- 
hydes obtained  from  alcohols  belonging  to  the  olefincs  and 
the  acetylene  series,  acr^iic  aldehyde  and  crotonie  aldehyde 
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are  the  only  important  compounds  that  can  be  treated  upon 
here. 

Acrolein^  or  acrylic  aldehyde  CH^:CH'CHOy  is  pre- 
pared by  the  dehydration  of  glycerine,  when  that  substance 
is  heated  with  phosphoric  oxide,  strong  sulphuric  acid,  or  acid 
potassium  sulphate.  It  is  always  produced  in  the  destructive 
distillation  of  neutral  fats  containing  glycerine,  and  is  the 
cause  of  that  intolerably  pungent  odor  attending  this  proc- 
ess. Acrolein  is  a  volatile  liquid,  which  boils  at  52.4,  and 
which  has  a  specific  gravity  of  .84.  It  is  readily  soluble  in 
alcohol  and  ether,  but  only  sparingly  in  water.  Its  vapor  is 
intensely  irritating  (the  smell  of  burning  fat  is  caused  by  it) 
and  has  a  violent  action  on  the  mucous  membrane  of  the  eyes. 
Unlike  most  aldehydes,  it  does  not  combine  with  NaHSO^y 
but  it  forms  a  resinous  body  with  potash  and  soda,  and  reduces 
ammoniacal  AgNO^^  which  converts  it  into  acrylic  acid 
C^H^'CO^H,  Nascent  hydrogen  converts  it  into  allyl  alcohol. 
Acrolein,  by  keeping,  becomes  a  white,  solid  body,  known 
as  disacryl^  which  appears  to  be  polymeric  with  it,  though 
it  cannot  be  reconverted  into  acrolein.  With  hydrochloric 
acid,  acrolein  forms  a  crystalline  body,  C^HjO-HCl^  which, 
when  distilled  with  potash,  yields  met  acrolein  C^H^^O^^  cor- 
responding with  paraldehyde.  Metacrolein  is  a  crj'stalline 
compoimd,  which  boils  at  50°,  and  which  is  reconverted  into 
acrolein  when  heated  to  160°.  It  is,  like  acrolein,  readily 
soluble  in  alcohol  and  ether,  but  only  sparingly  soluble  in 
water. 

Crotonic  aldehyde  CH^-CH'.CH-CHO  is  produced  by 
heating  acetic  aldehyde  to  100°  with  dilute  hydrochloric  acid 
or  with  zinc  chloride  and  a  little  water.  Neither  the  hydro- 
chloric acid  nor  the  zinc  chloride  apparently  takes  any  active 
part  in  the  reaction,  but  they  act  simply  as  dehydrating 
agents,  and  the  reaction  that  takes  place  may  be  assumed  to 
be  represented  correctly  by  the  following  equation: 

CHJCHO-^CH^CHO  =  Hfi^CH^-CHxCH-CHO 

Crotonic  aldehyde  is  a  colorless  liquid  with  an  irritating 
odor  resembling  that  of  acrolein;   it  boils  at  104°   and  is 
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sparingly  soluble  in  water.      In  contact  with  air,  or  with 
moist  silver  oxide,   it  is  readily  oxidized  to  crotonic  acid 


ALDEHYDES   FROM   POLYUYDRIC   AL.COIIOL.S. 

66,  The  aldehydes  from  polyatomic  alcohols  may  be 
di'  ox  poly-ahlchydcs  and  aldehyde  alcohols;  the  latter  are  of 
much  more  importance  since  it  has  been  proved  that  several 
of  the  sugars  can  be  regarded  as  belonging  to  this  class  of  sub- 
stances.  The  sugars  will,  however,  receive  our  attention  later. 

Glyoxal,  or  oxalic  aldehyde  CllO-CIIOy  or  C^H^O^,  is 
prepared  by  the  cautious  oxidation  of  alcohol  or,  better, 
acetic  aldehyde  with  nitric  acid.  Glyoxal  is  a  deliquescent 
amorphous  solid,  slightly  colored,  and  very  soluble  in  water, 
as  well  as  in  alcohol  Its  aqueous  solution  reduces  ammonio- 
nitrate  of  silver.  Like  other  aldehydes,  glyoxal  forms  a 
crystalline  compound  with  NaHSO^,  Potash  and  soda  con- 
vert it  into  a  yellow  restinous  body.  With  ammonia  it  yields 
glycosine : 

■dcj/.p., + 4.\7/3  =  <iir,o + xxcjfx 

Glyoxal  is  tbe  aldehyde  corresponding  to  oxalic  acid 
COJl'COJf. 

Gin  eric  aldehyde  CILOH-CIfOH'CHO  is  an  aldehyde 
alcohol,  wliich  is  obtained  by  the  cautious  oxidation  of 
glycerine.  By  condensation,  it  is  converted  into  acrose^  one 
of  the  sugars. 


Ai.i)i:iiYi)i:s  OF  Tin:  aromatk!  alcohols. 

57.  Jh'fi::oic  aldehyde,  or  beiizaldehyde,  or  oil  of  bitter 
almonds  CJl^-CllO,  was  discovered  in  lS(i3  and  thoroughly 
investigated  by  Licbig  and  Wohlcr.  It  occurs  in  combina- 
tion with  ajnyt^dalni,  a  bitter  substance  found  in  bitter 
almonds,  laurel  leaves,  clierry  kernels,  etc.  Amygdalin 
belongs  to  the  class  of  bodies  known  ix':^  gliteosideSy  which  will 
be  treated  later  on.  Amv^dalin  itself,  under  the  influence 
of  emulsifi,  a  ]X}culiar  albuminoid  ferment,  which  occurs  with 
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it  in  the  plants,  breaks  up  into  benzoic  aldehyde,  hydrocyanic 
acid,  and  dextrose; 

C..//„A^(?.,  +  2//.0  =  2C.//.,C».+  C,//.0    +    HCN 

a«ygdann  dextrose       ^^-^         "y^-^^^ 

The  presence  of  hydrocyanic  acid  renders  crude  oil  of 
bitter  almonds  very  poisonous. 

Benzoic  aldehyde  can  be  prepared  in  various  ways; 
namely: 

1.  By  oxidizing  benzyl  alcohol : 

C.HjCHfiH^O  =  CJ/,CHO  +  //,0 

2.  By  treating  benzoyl  chloride,  the  chloride  of  benzoic 
acid,  with  nascent  hydrogen : 

C.H,'C0a+2H  =  C,H,CHO^HCl 

3.  By  treating  benzal  chloride  with  water  or  mercuric 

oxide  * 

CJi,'  CHCl,  +  H^O  =  CJI.'CHO  +  UICl 

4.  From  the  reduction  of  the  corrcsjwnding  acid  (distil- 
lation of  a  mixture  of  benzoatc  and  formate  of  calcium). 

Benzoic  aldehyde  is  prepared  either  from  bitter  almonds, 
which  yield  from  1.5  to  2  per  cent.,  or  from  benzal  chloride, 
according  to  the  reaction  given. 

Pure  benzoic  aldehyde  is  a  thin,  colorless  liquid,  of  great 
refractive  power,  and  possesses  a  characteristic  pleasant 
odor.  It  boils  at  179**  and  has  a  specific  gravity  of  1.05.  It 
is  only  very  sparingly  soluble  in  water,  but  miscible  in  all 
proportions  with  alcohol  and  ether,  and  is  precipitated  there- 
from on  addition  of  water.  Exposed  to  the  air,  it  rapidly 
oxidizes  and  is  converted  into  crystalline  benzoic  acid.  It 
has  less  reducing  action  on  metallic  salts  than  is  exerted  by 
the  aldehydes  of  the  acetic  series.  Benzoic  aldehyde  is  dis- 
solved by  a  strong  solution  of  sodium  sulphite,  and,  if  dilute 
sulphuric  acid  is  added,  drop  by  drop,  to  this  solution,  it 
soon  deposits  large  crystals  of  the  compound  of  benzoic 
aldehyde  with  the  acid  sulphite,  C^HjO'NaHSO^\  the  crystals 
dissolve  when  heated,  but  are  redeposited  as  soon  as  the 
heated  mass  begins  to  cool. 
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i  while  errs:?."  TTtf"  bctZT : 

All  the  i^icnitic  luatijaes  aci  with  ammonia  in  a  similar 
r^ijintrr.  znd  LTt  tberelT  dismgniihed  from  the  fatly 
£u5erv5es. 

A  ^'-•c»d  TDcibcic  of  ideuiiiyiiig^  biiier-almond  oil  is  to  heat 
ii  in  a  lest  r^r«e  unih  5^:  cue  caiisiic  pc»tash,  dissolve  the  cooled 
ins^s  in  wiiier,  ana  2:.qc.  HCL  which  piecipstates  feather)' 
cr\-5ials  C'f  >crj>:»:c  acid. 

I^i-KZj4i:\  jTimt-  CJi^'CH  I  X-OH  exists  in  a  liquid,  or 
fl-f'irm,  an-i  ^i  s-.-lii,  cc  3- form, 

58.  Cir: n^ wrV  a///<  ^7 tit  L\H^' CH :  r"//"- CHO  constitutes 
the  esser.t:^  pan  c»:  the  v<»latile  oils  of  cinnamon  and  cassia. 
It  may  be  prepared  synthetically  by  passing  hydrochloric-acid 
^as,  which  acts  as  a  cehydratiEg  ag^ent,  into  a  mixture  of 
aortic  and  Icuzf'ic  aldehydes : 

CH.  CHO  -r  r//,-  CHO  =  C,H,  -  CH:  CH^  CHO  +  Hfi 

a'.  ^L h y  :c  ^\ :.S:  y  :e  a'.oehyde 

C:  nr.aTV  :c  a'  \::y  Je  is  a  c-  '•  rless  licirid.  with  aromatic  odor, 
which  h  :!s  a:  'l\<^  .  When  cxp<  »>ev'  to  air,  it  becomes  oxidized 
and  i^  thn>  c- -nvt-rted  into  t . •^'';r7;^•.v  ii.it/  C^H^-  CH-CH-  CO^H. 

J>1>.     S.ii:c]I:i'  ii!'Ul:;,iir  C,H^O//CHO,  or  oil  of  wca  cicKC- 

szctit  iSf'iririil  I'jUiir-.ii)  '•<  <..htainevi  by  oxidizing  salicin  with 
potassium  dichroniatc  and  snlphnnc  acid.  It  is  a  colorless, 
thin,  and  hi^^hly  refractive  liquid,  which  boils  at  190°  and 
has  a  s]x-cific  p^'-ravity  of  I.IT.  It  has  a  pleasant  odor  and 
a  burnin;^'  taste.  It  is  quite  S(»luble  in  water  and  dissolves 
in  alcohol  and  ctlicr  in  all  proportions.  It  stains  the  skin 
yellow,  and  its  solution  gives  an  intense  violet  color 
with  ferric  chloride.  It  resembles  benzoic  aldehyde  in 
its  l)ehavior  with  ammonia,  which  converts  it  into  hydro- 
saluyl  annde  {CJl.O'CH).N.,\  but  it  differs  from  benzoic 
and  cinnamic  aldehydes  by  easily  combining  with  alkalies  to 
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form  compounds  in  which  an  atom  of  hydrogen  is  displaced 
by  the  metal;  thus,  for  instance; 

This  reaction  indicates  that  salicylic  aldehyde  is  hydroxy- 
bcnzaldthyde  C^HJ^OH)'CHO,  and,  since  the  OH  group  is 
attached  to  the  benzene  nucleus,  the  compound  is  a  phenol 
aldehyde. 

A  general  reaction  of  obtaining  hydroxybenzaldehydes 
consists  in  heating  the  corresponding  phenol  with  chloroform 
and  an  alkali;  thus,  salicylic  aldehyde  is  produced  when 
phenol  is  heated  with  chloroform  and  KOH^  as  expressed 
by  the  following  equation : 

C,//,.  (9//+  CHCl^  +  \KOH 
=  C.H^{OK)^CHO+^KCl+^H^O 

The  potassium  derivative  may  be  distilled  with  dilute  acid 
to  obtain  the  aldehyde.  A  mixture  of  CHCl^  and  KOH  is 
potential  potassium  formate : 

CHCl,  +  4.K0H  =  H-COOK+^KCl+'lH^O 

so  that  probably  the  reaction  may  be  regarded  as  one  between 
phenol  and  potassium  formate: 

C,HfiH'\-H-COOK  =  C,HXOK)XHO'\-H^O 

60.  Vanillin. — When  1 : 2-monomethyl  pyrocatechol 
(guiacol)  C^HJ{^0CH^{0H),  a  derivative  of  1 :  2-dihydroxy- 
benzene,  is  similarly  treated,  it  yields  vanillin^  or  methyl 
frotocateehuic  aldehyde. 

Vanillin  is  extracted  from  the  pods  of  vanilla  planifolia^  a 
Mexican  plant,  by .  boiling  them  with  alcohol.  It  forms 
needles,  melts  at  80°,  and  sublimes.  It  is  sparingly  sol- 
uble in  water,  and  is  characterized  by  its  well  known 
agreeable  odor  and  taste.  Vanillin,  which  is  much  used 
as  a  flavoring  agent,  is  made  artificially  by  the  oxidation 
of  coniferin  C^Ji^fi^  with  chromic  acid.  Coniferin,  as  the 
name  indicates,  is  a  crystalline  glucoside,  extracted  from 
pine  wood  or  other  coniferous  plants  and  trees.  When 
oxidized,  it  yields  glycovanilliyi^  the  glucoside  of  vanillin 
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C,HJ^0CH;){0X,H^^0,)'CH0,  which  in  turn  yields  glucose 
and  vanillin  on  hydrolysis.  Artificial  vanillin  for  flavoring 
purposes  is  now  also  prepared  from  benzaldehyde. 

61,  Cuminic^  or  cuntic,  aldehyde^  or  cuminoly  is  l:4-iso- 
propyl  benzaldehyde  CJJ^-C^H^^CHO.  It  exists  together 
with  cymene  C^^H^^,  in  the  essentials  of  cumin,  caraway, 
and  water  hemlock,  and  is  obtained  by  agitating  either 
of  these  oils  with  acid  sodium  sulphite  NaHSO^y  w^hich 
takes  up  the  cumic  aldehyde  but  not  the  cymene,  and 
forms  a  cr>'stalline  compound,  which,  when  distilled  with 
potash,  yields  the  cumic  aldehyde.  Cumic  aldehyde  is 
a  slightly  yellow  or  colorless  liquid  of  fragrant  odor,  which 
boils  at  235°. 

62.  Afiisic  aldehyde  C^HSPCH^^CHO  is  prepared  by 
heating  the  essential  oils  of  anise  and  fennel  with  dilute 
nitric  acid.  These  oils  contain  a  fragrant  camphor-like 
substance  termed  anethol  C^Ji^fi^  which  there  is  some 
j^round  for  representing  as  derived  from  phenol  C^H^-OHj 
by  the  replacement  of  //  in  CJJ^  by  allyl,  and  of  the 
//  in  Oil  by  methyl,  leading  to  the  rational  formula 
CJf^{CJI,)OCII,j^.  Anisic  aldehyde  is  a  colorless  oil,  having 
an  aromatic  odor  and  a  burning  taste.  It  has  a  specific 
gravity  of  1.1*^:5  and  boils  at  "l\W\  It  is  nearly  insoluble  in 
water,  but  soluble  in  alcohol  and  ether  in  all  proportions. 

iM\.     lyrounicic   ahicJiydCy    or  furfural  CJffD-COH^   is 

formed  by  the  dry  distillation  of  sugar,  and  by  distilling 
bran  with  dihite  sulphuric  acid  or  zinc  chloride.  To  pre- 
])arc  it,  1  ])art  of  bran  is  mixed  with  1  part  of  sulphuric  acid 
diluted  with  \\  parts  of  water,  and  tlie  distillate  is  saturated 
with  sodium  carbonate  mixed  with  common  sidt,  and  again 
distilled.  On  adding  common  sidt  to  the  second  distillate, 
the  furfurol  separates  from  the  watery  liquid  in  the  form  of 
a  hea\'y^  oil.  Pyromiicic  aldehyde  is  a  colorlcvss  liquid  with  a 
pleasant  smell  resembling  that  of  bitter  almonds;  its  specific 
gravity  is  1.17  and  its  boiling  point  at  lOi^''.  It  dissolves  in 
twelve    times   its   weight    of  water  and   is  verv  soluble  in 
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alcohol.  This  aldehyde  unites  with  acid  sodium  sulphite, 
forming  a  crystalline  compound  C^H fiJSO^NaH^  which  is 
only  sparingly  soluble  in  alcohol  and  which  is  converted  by 
sodium  amalgam  into  furfuryl  alcohol  CJi^O^,  By  oxida- 
tion with  silver  oxide,  pyromucic  aldehyde  is  converted  into 
the  corresponding  acid,  namely,  pyromucic  acidC^Hfi^^  and 
by  nitric  acid,  into  oxalic  acid.  With  ammonia,  it  behaves 
as  an  aromatic  aldehyde,  forming  furfuramidc,  in  which 
3  molecules  of  furf urol  have  exchanged  O^"  for  N^'" : 


ACIDS. 


64,  Organic  Acids. — Organic  acids,  also  known  as  car- 
bon acids ^  may  be  defined  as  compounds  that  contain  the 
univalent  group  CO  OH  linked  to  a  hydrocarbon  radical,  and 
they  may  be  considered  as  being  derived  from  hydrocarbons, 
by  the  substitution  of  one  or  more  COOH  groups  for  an 
equal  number  of  hydrogen  atoms. 

Many  of  these  acids  are  the  second  oxidation  products  of 

the  primary  alcohols,  the  group  -6^  ^}rin  the  alcohol  being 

converted  into  the  group  C^qyt^  or,  in  other  words,  these 

acids  are  derived  from  the  primary  alcohols  by  the  substitu- 
tion of  1  atom  of  O  for  2  atoms  of  //.  The  general  formula 
of  an  acid,  then,  is  RCOOH^  where  A'  represents  a  hydro- 
carbon residue,  or  radical.  Isomerism  among  the  acids  is 
solely  confined  to  the  hydrocarbon  radicals. 

The  basicity  of  an  acid  is  limited  to  the  number  of  COOH 
groups  it  contains,  thus  showing  that  it  is  the  //  in  this 
group  that  is  replaced  by  metals  in  the  formation  of  salts. 

As  it  is  not  possible  to  treat  on  all  the  organic  acids 
in  detail,  the  most  important  acids  are  enumerated  in 
the  following  tables,  showing  their  formula,  the  source 
from  which  they  are  derived,  and  the  group  to  which  they 
belong. 
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TABLE   8. 

MONOBASIC  ACID9  OF  THE  ACETIC 


C^H^^^^COOH, 


Name  of  Acid. 


Formic 


Acetic 

Propionic 
Butyric . . 
Valeric  . . . 
Caproic . . 
CEnanthic 


Caprj'Hc 

Pclarg-onic 

Rutic,  or  cai>ric. . 

EiuKlic 

Laurie 

0)cinic 

Mvrislic 

Pcntadccvlic  .... 

Palmitic 

Mar;;aric 

Stearic 

lialenic 

Arachiclicjorbulii.  I 

Xardic 

I'»chcnic 

Lij^noccric 

Ilvrcnic. 

Ccrotic 


Formula. 


HCi\H 


CH,Cl\H 


CM,, 

cj-f„ 

CJL 
CJL, 

CJL:. 

CJL.. 
CJh. 

cjf,.. 

CJK., 

c.jf„ 
cjr 
cjr,.. 

CJL 
cjr... 


n 


CO,// 
CC\// 
CO,// 
CO,// 
CO,// 
CO,// 
CO,// 
CO,// 

CO,// 
CO,// 
CO,// 
CO,// 
CO,// 
COM 
CO,// 
CO,// 
CO,// 
CO  J/ 
CO,// 


Source. 


Red  ants  and 
nettles. 

Vinegar. 

Oxidation  of  oils. 

i  Rancid  butter. 

Valerian  root. 

Rancid  butter. 

Oxidation  of  cas- 
tor oil. 

Rancid  butter. 

Geranium  leaves. 

Rancid  butter. 

Oil  of  me. 

Bavberrics. 

Coconut  oil. 

jNutmeg  butter. 

!  Agaricus  integer 
(a  fungus). 

Palm  oil. 

Tallow. 

Butter;  earthnut. 
JBeef  fat. 
Oil  of  ben. 
Beech-wood  tar. 
Hyaena  fat. 
Beeswax. 
Beeswax. 
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TABIiE   4. 
MONOBASIC  ACIDS  OF  THE  ACRYLIC  SERIES  C^H^^^^CO^H, 


Name  of  Acid. 


Erucic,  or  brassic 


Crotonic  . . . 
Angelic.  . . . 
Pyroterebic 
Damaluric  . 
Campholic  . 

Cimicic 

Hypogaeic. . 


Oleic  . . 
Doeglic 

Acrylic 


Formula. 


C,,H,,.CO,H 


CO,H 
CO^H 
CO,H 
CO,H 
CO,H 
CO^H 
COM 


CO,H 
COJI 


Cjr,CO,H 


Source. 


Colza  oil  (Bras- 
sica  oleifera). 

Angelica  root. 

Turpentine. 

Cow's  urine. 

Camphor. 

Tree  bug. 

Oil  of  ground- 
nut. 

Many  oils. 

Doegling  train 
oil. 

Oxidation  of 
acrolein. 


TABIiE    6. 
MONOBASIC  ACIDS  OF  THE  SORBIC  SERIES  C^M^^^^CO^ff. 


Name  of  Acid. 

Formula. 

Source. 

Tetrolic 

C,H,-CO^H 

C,H,-CO,H 

CJI„CO,H 

c,,H,,cojr 

Chlorocro  tonic 

Sorbic 

acid. 
Mountain  "ash 

Linoleic 

Homolinoleic. . . . 
BehenoHc 

berries. 

Poppy   and    lin- 
seed oils. 

Cottonseed  oil. 

Brassic  acid. 
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TABL.E   6. 

MONOBASIC  ACIDS  OF  THE  BENZOIC  SERIES. 


Name  of  Acid. 

Formula. 

Source. 

Benzoic 

CJ[,COJI 

CJI^COJI 

Gum  benzoin. 

Toluic 

Toluefie. 

Mesitylenic 

Cuniinic 

Ilomociiminic  . .  . 

Mesitylene. 
Cumin  oil. 

TABLK    7. 

MONOBASIC  ACinS  OF  THE  CINNAMIC  SERIES. 


Name  of  Acid. 


Cinnamic 

Atropic 

Phenyl  -crotonic . 
Phenyl -angelic. . 
Ciinicnvl-acrvlic. 
Ciniienyl-crotonic 
Ciinienvl-aniiclic. 


Formula. 

Source. 

CJI^-COJI 

Storax. 

Cjr,-CL\H      . 

Atropine. 

CJI^COJt 

CJI,,COJI 

cji,,-cc\n 

CJL-C(\// 

cjr.-.-cojf 

TAHLi:    8. 
MONOHA^IC   Af  IDS  OF  TIIK   LACTIC  SERIES. 


Name  of  Acid. 


I'ornuila. 


Source. 


(ilvColic 


T. actio 


Bulvlaclic. 


Valerolaclic 
Lc'iieic 


C//.XOIf)'COJI 


C,/fXOIl)'(OJf 

CJFSOIf)'COJf 
C.Il^  {OJD'CO./l 


Oxidation  of  gly- 
col and  of  al- 
cohol. 

Fennentation  of 
milk    su^ar. 

Oxidation  of 
butyl  glycol. 

()xidation  of 
leucine. 
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TABIiE   9. 

MONOBASIC  IIYDROXYACIDS  FROM  BENZENE  HYDRO- 

CAUBONS. 


Name  of  Acid. 


Salicylic 


Phloretic. 


Vanillic 

Tannic  . 
Gallic. . 
Caffeic. . 
Quinic . 
Ellagic 


Anisic 

Protocatechuic  . . 


Formula. 


Source. 


C\H,{OH)-COJf 

C^HXOCHyCOJI 
C\HXOH\COJI 


C,H,{CH,){OCIQCO,H 


OJf,{OII){OCH,)CC\FI 


cjr,o,-cojf 
cji,{OH\-cc\n 

C,H,C\-COJf 
C,H„0,-COJf 


Oil  of  winter- 
green. 

Oil  of  anise. 

Decomposition 
of  resins  by 
KOH, 

Decomposition 
of  phloretin  by 
KOH. 

Oxidation  of  va- 
nillin. 

(xallnuts. 

(lallnuts. 

Coffee. 

Cinchona  bark. 

Bezoar  stones. 


TABIIE    lO. 

ACIDS  PRODUCED  BY  OXIDATION  OF  CARHOITYDRATES. 


Name  of  Acid. 

Formula. 

Source. 

Siiccharic ' 

Mucic 

C,HfiXCOJI\ 

Oxidation  c  f 

sugar. 
Oxidation  of 
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TABUB    11. 

ACII><«  FROM  CXOSED-CHAIX  COMPOXTJTDS. 


Name  of  Acid. 


Formula. 


I 


Source. 


Pvromucic. 


CJIfi'CO^H 


Mecf  »nic CJI{OH)OJ^CO^H\ 


Distillation  of 
mucic  acid. 
Opium. 


TABLE    12. 
I>IBASIC  ACIDS  OF  THE  OXALIC  SERIES. 


Xamc  of  Aci'l. 

Formula. 

Source. 

( )\alic 

CO,HCO,H 

Wood  sorrel. 

Malonie 

Oxidation  of  ma- 

lic acid. 

Succinic 

CMSCOjn, 

Amber. 

I\\'roiartiiriv'    .... 

CJ/ACOJI), 

Distillation  of 
tartaric  acid. 

A'lipic 

CJI.{CO.JI\ 

Oxidation  of  ole- 
ic acid. 

1  'iMlCiic 

CJI^SiOJI), 

Oviflatuin  of  f)lo- 

ic  acid. 

vSmIktIc 

cjiACoji), 

Oxidation  of 
cork. 

Azclaic    

CJI.,(COJI\ 

Oxidation  of  cas- 
tor oil. 

Scl  ).'L(ic 

CJfjCOJf).. 

Distillation  of 

oleic  acid. 

IJrassylic 

('J^J(^OJf).^ 

Oxidation  of 
behenolicacid. 

Koccx'llic 

^'jrscoji). 

Roccclla  tincto- 

1 

ria. 
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TABLE    13. 


DIBASIC  ACIDS  OF  THE  FUMAUIC  SERIES. 


Name  of  Acid. 


Formula. 


Source. 


Fumaric, 
Maleic. . , 


Itaconic 


Citraconic 


Mesaconic 


J 


Hydromuconic  . . 


C,H,{COJI\ 


C,HXCO,H\ 


CJJXCO,H\ 


f  Fumitory. 
j  Distillation   of 
I     malic  acid. 
Distillation   of 

citric  acid. 
Distillation   of 

citric  acid. 
Distillation   of 
citric  acid. 
Distillation  of 
mucic  acid. 


TABLE    14. 


DIBASIC  ACIDS  OF  TUE  TAllTAIlIC  SERIES. 


Name  of  Acid. 


Tartronic 
Mesoxalic 


Malic . . . 
Tartaric , 
Racemic 


\ 


Formula. 


CH{OH){CO^H), 

C{OHucojr\ 

C,H10H)(C0,H\ 
C,H,{OHUCO,H\ 


Source. 


Oxidation  of 
grape  sugar. 

Oxidation  of 
uric  acid. 

Unripe  apples. 

^  Grape  juice. 
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TABLE    16. 

I>IliASH'  ACIDS  FROM  OXIDATION  OF  HYDROCARBONS. 


Name  of  Acid. 

Formula. 

Source. 

Phthalic 

C\HS.COJI\ 

Oxidation  of 
naphthalene. 

Isouvitic. ... 

CHXCO^H), 

Gamboge  refuse 
with  KOH. 

Cumidic 

cjr,{CHX{CO,H\ 

Oxidation  of 
durene. 

TABL.?:    10. 
TUIBASIC:  VEGETABLE  ACIDS. 


Name  of  Acid. 


Formula. 


'rricarbiillvlic. 


Citri. 


Aconitic 


CJf,{OH){COJT)^ 
CH-XCOff)^ 


Source. 


Beet  root. 
Lemon  juice. 
Monkshood. 


TABLE    17. 

ACIDS  CONTAIN  INC;    NITROGEN. 


Name  of  Acid. 


Formula. 


Ilvdn)cvanic  . .  .  . 


CXII 


Picric 


]Ii]-)piiric. 
U  ric 


c  If  xo-cojr 


Source. 


Fermentation  of 
bitter  almonds. 

Nitration  of  phe- 
nol. 

Horse  urine. 

Human  urine. 
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ACIDS  FROM  MONOIIYDIUC  ALCOHOLS  OF  THE 
PARAFFIN  IIYDUOCAUKONS. 

G5,  These  acids  belong  to  the  fcitty^  or  acetic^  scries^  and 
are  therefore  also  known  as  fatty  acids.  The  lower  mem- 
bers of  this  series  arc  of  an  oily  consistency,  while  the  higher 
members  are  fatty  solids. 

G6,  Formic  AeUl. — Formic  acid  //•  6Y^j// was  discovered 
by  S,  Fischer,  in  1070.  It  occurs  in  nature  in  red  ants,  in 
stinging  nettles,  in  the  young  shoots  of  certain  varieties  of 
coniferous  trees,  etc.  Formic  acid  is  formed  in  a  great 
number  of  reactions,  particularly  in  the  oxidation  of  methyl 
alcohol,  in  the  decomposition  of  hydrocyanic  acid  by  acids  or 
alkalies,  in  the  distillation  of  oxalic  acid,  and  in  the  oxidation 
of  many  organic  matters,  such  as  starch,  sugar,  etc.  Berthelot 
achieved  its  direct  synthesis  by  heating  carbon  monoxide  for 
along  time  at  100°  in  a  sealed  tube  containing  a  concentrated 
solution  of  potassium  hydrate; 

CO  +  KOH  =  lie  O' OK 

potassium  formate 

It  is  best  prepared  by  distilling  oxalic  acid  with  glycerine. 
Thirty  grams  of  crystallized  oxalic  acid  and  200  cubic  centi- 
meters of  glycerine  are  heated  in  a  flask  of  about  500  cubic 
centimeters  capacity,  which  is  provided  with  a  thermometer 
and  connected  with  a  Liebig  condenser  (an  apparatus  similar 
to  that  shown  in  Fig.  10,  Organic  Cluvnstry,  Part  1),  to 
about  80°  to  90°,  when  formic  acid  distils  over,  together  with 
the  water  of  crj'stallization  of  the  oxalic  acid,  and  carbonic- 
acid  gas  is  evolved : 

COjrCOJl  =  H'COJI'\-  CO, 

When  the  evolution  of  CO,  ceases,  a  fresh  quantity  of 
oxalic  acid  may  be  added  and  the  ojxiration  continued,  the 
same  glycerine  serving  f(;r  the  conversion  of  a  large  quantity 
of  oxalic  acid.  The  formic  acid  first  produced  converts  the 
glycerine  into  monofornitn ;  thus, 

C,HXOH\-\-H-COjr  =  C\ni,OIIUCOJI)-^Hfi 

glycerine  •  •.  monoformiu 
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The  monoformin  is  then  decomposed  by  the  water  of  crys- 
tallization of  the  oxalic  acid,  the  equation  being  reversed, 
and  glycerine  being  reproduced.  By  continuing  this  process, 
formic  acid  of  56-pcr-cent.  strength  may  be  obtained. 

To  obtain  the  acid  in  its  most  concentrated  state,  the  dilute 
acid  is  saturated  with  lead  oxide,  the  liquid  is  evaporated  to 
complete  drj'ness,  and  the  dried  lead  formate  thus  obtained, 
reduced  to  a  fine  powder,  is  very  gently  heated  in  a  glass 
tul)e  connected  with  a  condensing  apparatus,  through  which 
a  current  of  dry  hydrogen  sulphide  passes.  The  formic  acid 
is  then  redistilled  with  a  little  lead  formate  to  remove  all 
traces  of  If^S. 

Pure  anhydrous  formic  acid  is  a  clear,  colorless  liquid, 
which  slightly  fumes  in  the  air.  It  has  a  specific  gravity  of 
l.:i2,  boils  at  1H>\  and  crystallizes  in  large  brilliant  plates 
when  cooled  to  0'\  It  has  a  pungent  smell,  and  is  extremely 
corrosive,  attacking  the  skin  and  producing  rather  painful 
blisters,  or  ulcers,  which  heal  very  slowly.  It  mixes  in  all 
proportions  with  water,  alcohol,  and  ether;  the  aqueous 
solution  of  formic  acid  closely  resembles  acetic  acid  in  taste 
ami  sir.ell.  It  is  inflammable  and  bums  with  a  blue  flame. 
It*  ri>niiir  acid  is  adtlcd  to  a  solution  of  silver  nitrate  and  the 
liqniil  is  luMtctl,  il  somi  bccoiucs  clouded,  and  silver  is  pre- 
^'ipitaird  and  carlxui  dit»xidc  diseni^-a^i^a^d,  the  formic  acid 
Kmih^-  t»\idi/.cd  in  rcducin.'':  the  silver  nitrate: 

•  •  • 

<»i.     TN>riiiati»*-.      l^^rnlic  acid  is  a  very  energetic  acid, 

wl'.uii  si!-.>nL:!y  r^vl.lons  Mno  lilnuis  p:;])er  and  perfectly 
nviitali  cs  the  bases.  As  l"«»nr.ic  acid  is  a  monobasic  acid. 
one  ot  iis  ]:\-d:o^en  aionis  can  be  rei-ilaeed  by  an  equivalent 
atv»ni  kA  a  metal  an.d  thns  a  salt  is  fonr.ed  ;  these  salts  are 
known  ;i<  '.'•••;.?/;  x,  iv\k\  their  i:<.:'!L:\il  lormidas  mav  be 
e\pre-Mvl  as  ;.'  (  7/(  \..  M  1 1  V.'.. '  )  .  M  \CHO\,,  etc., 
acco:\!;r.i^  to  the\  .;lence  of  th.e  ir.e:./..  w::ic]i  is  indicated  in  the 
i:e!U'r..l  t"o::r.v.:a  Vy  ,;/'.  jr.  J/  ,  etc.  All  the  formates  are 
s-:;:Me  in  \\\.teT-.  .;nd  tho-r  sr.:i:ti.-:>  '\  rn^  (.lark-red  mixtures 
with    vn-ic    s^.lts.       Whe::  distillca    with    strong   sulphuric 
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acid,  they  give  off  carbon  monoxide  and  leave  a  residue  of 
sulphate. 

The  most  characteristic  formates  are  cupric  formate 
Cu(CHO^)^y^H^O^  which  crystallizes  in  magnificent  prisms, 
and  lead  format e  Pb{CHO^^j  which  forms  long  colorless 
needles. 

Formic  acid  is  used  in  making  some  of  the  coal-tar  dyes. 

68.  Acetic  Adrt. — Acetic  acid,  or  methyl- formic  acid 
CH^-CO^Hy  is  the  acid  of  vinegar.  It  ij  the  product  of  the 
oxidation  of  alcohol.  It  is  formed  in  various  other  reactions, 
among  which  are  the  oxidation  of  aldehyde,  the  action  of 
carbon  dioxide  on  sodium  methyl,  the  decomposition  of 
methyl  cyanide  by  potassium  hydrate,  and  last,  but  not 
least,  the  dry  distillation  of  a  great  number  of  common 
organic  substances,  such  as  wood^  starchy  sugar ^  g^t^^'h  etc. 

Large  quantities  of  acetic  acid  are  annually  used  in  the 
arts,  and  they  are  mostly  obtained  by  the  destructive  distil- 
lation of  wood  or  sawdust.  The  distillation  is  conducted  in 
large  iron  cylinders,  heated  directly  by  a  fire,  to  which  a 
worm,  or  condenser,  continually  cooled  by  a  circulation  of 
cold  water  through  pipes  surrounding  it,  is  attached.  A 
sour,  watery  liquid,  a  quantity  of  tar,  and  a  large  quantity  of 
inflammable  gas  pass  over,  while  charcoal  remains  in  the 
retort  The  acid  liquid  is  subjected  to  distillation,  the  first 
portion  being  collected  apart  for  the  preparation  of  wood 
spirit.  The  remainder  is  saturated  with  lime,  concentrated 
by  evaporation,  and  mixed  with  a  solution  of  sodium  sul- 
phate, whereby  calcium  sulphate  is  precipitated,  while  the 
acetic  acid  combines  with  the  soda.  The  filtered  solution  is 
evaporated  to  its  crystallizing  point ;  and  the  crystals  are 
drained  as  much  as  possible  from  the  dark,  tarry  mother- 
liquor,  and  deprived  by  heat  of  their  combined  water.  The 
dried  salt  is  then  cautiously  fused,  by  means  of  which  the 
last  portions  of  the  accompanying  tar  are  cither  decomposed 
or  expelled ;  the  fused  salt  is  then  rcdissolvcd  in  water  and 
recrystallized.  Pure  sodium  acetate,  thus  obtained,  readily 
yields  acetic  acid  by  distillation  with  sulphuric  acid. 
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ttD.  Vinegar. — ^'inegar  is  the  product  o£  Uie  acid  fer- 
mentation of  wine  and  other  alcoholic  liquids.  The  follow- 
ing process,  knuvm  a&  the  Or /i-aits  process,  is  largely  employed 
for  the  conversion  of  wine  into  vinegar.  A  small  quantity 
of  warm  vinegar  is  first  introduL-ed  into  large  vats,  which 
have  already  been  used  for  the  operation  and  are  therefore 
impregnated  with  the  peculiar  ferment  formed;  quantities 
of  wine  are  then  added  at  intervals  of  several  days,  the  vats 
being  maintained  at  a  temperature  between  24°  and  27". 
In  about  two  weeks,  the  acetiftcation  is  complete,  and  a 
portion  of  the  vinegar  is  withdrawn  and  replaced  by  a  new 
quantity  of  wine,  which  also  becomes  converted  into  vine- 
gar— thus  mailing  the  process  continuous.  Under  these  cir- 
cumstances, the  alcohol  is  converted  into  acetic  acid  by  the 
influcnceof  a  microscopic  organism  known  as  J-Zycfff/i-rwrtflfWi, 
which  appears  on  the  surface  of  the  liquid,  where  it  absorbs 
oxygen  from  the  air  and  subsequently  cedes  it  to  the  alcohol 
Its  action  may  be  compared  with  that  of  platinum  black. 

Quick  ]'iih'^ar  /'rociss.—A  weak  spirit  mixed  with  a  little 
yeast  or  beet-root  juice,  heated  to  about  27",  is  caused  to 
.trickle  slowly  from  pieces  of  cord  fixed  in  a  perforated  shelf 
over  a   quantity   of   wooden 
shavings    previously    soaked 
in    vinegar    to     impregnate 
them  with  the  mycoderm,  or 
acetic     ferment.     The     sha- 
vings are   packed   in   a   tall 
barrel  (see  Fig.  6)  in  which 
holes    have    been    bored    in 
order  to  allow   the   passage 
of  air.     The  oxidation  of  the 
alcohol  soon  raises  the  tem- 
I)erature  to  about  38°,  which 
k  occasions  a  free   circulation 
of  air  among  the  sliavings. 
The  mixture  is  passed  three 
""  "■  or  four    times    through   the 

barrel,  and  in  about  3(j  hours  the  conversion  into  vinegar  is 
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completed.  If  the  supply  of  air  is  insufficient,  alcohol  is 
lost  in  the  form  of  aldehyde  vapor,  the  irritating  odor  of 
which  ixjrvades  the  air. 

White  vinegar  is  prepared  from  light  wines  by  a  similar 
process.  Malt  vinegar  is  made  from  infusion  of  malt  fer- 
mented by  yeast  with  free  contact  of  air. 

Vinegar  contains,  on  an  average,  about  5  per  cent,  of  acetic 
acid.  Its  aroma  is  due  to  the  presence  of  a  little  acetic 
ether.  The  vinegar  of  commerce  is  allowed  to  be  mixed 
with  y^'(j|y  of  its  weight  of  sulphuric  acid,  in  order  to  prevent 
it  from  becoming  moldy. 

By  distilling  vinegar,  a  weak  acetic  acid  is  obtained,  which 
may  be  concentrated  by  redistilling  and  receiving  separately 
the  portion  distilling  between  110°  and  120°. 

70.  Properties  of  Acetic  Add.  —  Acetic  acid  is  a 
strongly  acid  liquid  of  pungent  odor;  it  feels  slippery  to  the 
touch,  blisters  the  skin,  and  solidifies  in  the  cold  to  large 
crystalline  plates,  which  melt  at  17°  (glacial  acetic  acid).  It 
boils  at  118°  and  burns  with  a  flame  similar  to  that  of  alco- 
hol. The  specific  gravity  of  the  pure  acid  is  1.063  at  18°; 
the  strength  of  this  acid  cannot,  however,  be  inferred  from 
its  specific  gravity,  as  with  other  liquids,  owing  to  the  fact 
that  it  is  increased  by  additionof  water  until  it  reaches  1.071) 
(70  per  cent,  of  acid),  when  it  is  diminished  by  the  addition 
of  more  water,  so  that  a  50-per-cent.  acid  has  the  same 
specific  gravity  as  the  pure  acid. 

Acetic  acid  is  ore  of  the  most  stable  of  the  organic  acids, 
and  it  is  unattacked  by  most  oxidizing  agents.  When  its 
vapor  is  passed  through  a  red-hot  tube,  it  yields  several 
products,  among  which  marsh  gas  and  acetone  are  conspic- 
uous Most  of  its  salts,  known  as  acetates,  are  soluble  in 
water,  so  that  they  are  not  easily  precipitated;  but  if  acetic 
acid  is  exactly  neutralized  by  ammonia  and  stirred  with 
silver  nitrate,  a  precipitate  of  silver  acetate  CH^'CO^Ag\s 
obtained,  and  mercurous  acetate  CH.^'CO.^Hi^  may  be 
obtained  in  a  similar  wav.  Ferric  chloride  added  to  the 
neutral  solution  gives  a  fine  red  color. 
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71.  A  large  number  of  acetates,  find  employment  of 
various  kinds  in  the  arts.  Those  formed  by  the  weaker 
bases,  such  as  l't\0^  and  Alfi^^  are  easily  decomposed  by 
boiling  with  water,  basic  acetates  being  precipitated;  hence, 
the  aluminum  and  ferric  acetates  are  much  used  by  dyers 
and  calico  printers  as  mordants^  the  basic  acetates  being 
deposited  in  the  fabric,  and  forming  insoluble  compounds 
with  coloring  matters. 

Potassium  acetate  KC\Hfi^  is  prepared  by  saturating 
acetic  acid  with  potassium  carbonate,  and  evaporating  to 
dryness;  it  is  thus  obtained  as  a  crjrstalline,  deliquescent 
mass,  which  is  very  soluble  in  water,  and  which  melts  at  292". 

Sodium  acetate  XaCJI^O^^^Hfi  is  prepared  by  neutral- 
izing acetic  acid  with  s(xlium  carbonate.  It  crystallizes  in 
prisms,  which  are  very  soluble  in  water  and  become  efflores- 
cent in  (Sxy  air. 

Neutral  lead  acetate  Ph{Cjr^OX^H^O.  which  is  com- 
monly  known  as  sujfar  of  lead ^  is  made  on  the  large  scale  by 
dissolving  lead  oxide  in  acetic  acid.  It  crystallizes  well,  and 
is  soluble  in  1.5  parts  of  water  at  ordinary  temperatures.  It 
has  a  nauseous,  swoct  laslc,  and  is  poisonous.  It  melts  in 
ils  water  of  crystal lizaliou  at  ?.")". 

The  neutral  solution  of  lead  acetate  dissolves  oxide  of  lead, 
forniini^-  basic  salts,  aceordin.i;"  to  the  amount  of  lead  oxide 
dissolved.  The  more  important  of  these  are  a  dibasic  lead 
acetate  J'lf{CJf.p^.,J'hOAl  1,0  and  a  tribasic  lead  acetate 
l'l\CJf.o\„,-lPhOjiILp,  These  two  salts  arc,  as  a  rule, 
simultaneously  formetl  when  a  solution  of  lead  acetate  and 
lithar-e  are  boiled  toiLiether.  It  is  used  in  the  laborator}' 
and  is  known  to  the  i)harmacist  as  Goulard's  extract.  If  a 
few  drops  of  it  are  added  to  ordinary  water,  a  cloud  is  pro- 
duced, owin;^^  to  the  f<  )rmation  of  lead  carbonate.  If  carbonic* 
acid  <4as  is  passed  into  a  solution  of  the  sub-acetate  of  lead,  a 
de]M")sit  of  lead  carbonate  is  obtained. 

uVeu/nil  copper  acettile  Cu(CJl  0.)..'ilLQ  is  prepared 
throuj^h  double  decomi)ositir»n  by  mixing  hot  solutions 
of  s(Klium  acetate  and  cupric  sulphate.  The  cupric  ace- 
tate is  deposited  on  cooling  in  beautiful  prisms  of  a  deep 
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bluish-green  color.  They  dissolve  in  five  times  their  weight 
of  boiling  water.  The  dilute  aqueous  solution  is  decomposed 
by  boiling,  a  tribasic  acetate  being  formed,  while  acetic  acid  is 
liberated.  When  cupric  acetate  is  heated,  it  first  loses  its 
water  of  crystallization,  and  decomposes  when  the  tempera- 
ture reaches  about  240"^,  disengaging  acetic  acid,  acetone, 
and  carbon  dioxide.  The  residue  is  finely  divided  copper. 
The  product  of  the  distillation  is  a  blue  liquid,  which,  when 
rectified,  yields  colorless  acetic  acid  mixed  with  a  small 
quantity  of  acetone. 

The  name  verdigris  is  applied  to  a  basic  acetate  of  copper 
consisting  mostly  of  a  dibasic  acetate  Cu^CJi^O^y  CnO^G/Z^O, 
Verdigris  is  prepared  by  exposing  to  the  air  copjxjr  sheets 
piled  up  in  layers  with  the  pulp  of  grapes.  In  a  few  weeks 
the  metal  becomes  covered  with  bluish  crusts  of  verdigris, 
which  are  scraped  off  and  brought  on  the  market  in  the  form 
of  light-blue  balls.  The  alcohol  formed  by  the  fermentation 
of  the  sugar  contained  in  the  grape  pulp,  Ixicomcs  oxidized 
by  the  air  and  is  converted  into  acetic  acid,  and  under  the 
influence  of  the  latter,  the  copper  itself  absorbs  oxygen. 
Water  and  basic  copper  acetate  are  thus  formed. 

Emerald  Green.  — Emerald  green^  or  cupric  aceto-arsenite 
{Cll^-CO^jCuy  Cuj^AsO^^.As^O^  is  made  by  boiling  verdigris 
with  white  arsenic  water.  It  is  used  for  coloring  wall  papers, 
etc.,  notwithstanding  its  poisonous  character. 

Ferric  acetate  Fe{C^Hfi^^  and  ferrous  acetate  Fe(CJIfi^^ 
are  much  used  in  the  arts.  The  aqueous  solution  of  ferric 
acetate  has  a  blood-red  color.  It  is  decomposed  when  boiled, 
precipitating  ferric  hydroxide  and  acetic  acid.  Under  the 
name  of  iron  liquor^  ferrous  acetate  is  largely  used  as  a 
mordant  in  dyeing. 

Silver  acetate  AgCJT^O^  is  only  slightly  soluble  in  water, 
and  is  precipitated  when  concentrated  solutions  of  sodium 
acetate  and  silver  nitrate  are  mixed.  It  is  deposited  from 
boiling  water  in  brilliant,  pearly,  flexible  plates,  which 
darken  on  exposure  to  light,  as  all  silver  salts  do. 

Ammonium  acetate  NIIjC^H^O^  is  obtained  as  a  deli- 
quescent, crystalline  mass,  when  acetic  acid  is  saturated  by 
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a  current  of  ammonia  gas.  It  is  very  soluble  in  water,  as 
well  as  in  alcohol,  and  when  subjected  to  heat,  it  first  loses 
ammonia,  then  acetic  add,  and  finally  distils  as  acet amide: 

NHJOJIfi^  =  H,0+C^H,0'NH^ 

acetamide 

When  distilled  in  the  presence  of  phosphoric  anhydride, 
ammonium  acetate  yields  methyl  cyanide^  or  acetonitrik: 

72.  Synthesis  of  Acetic  Acid. — Acetic  acid  has  been 
obtained  synthetically  by  the  following  reactions: 

1.  C  heated  in  vapor  of  .9  yields  CS^. 

2.  CS^  vapor  mixed  with  T/and  passed  through  a  red -hot 
tube  yields: 

3.  Vapor  of  CCl^  passed  through  a  red-hot  tube  yields 
chlorine  and  tctracJilorctJtcuc  CjCl^. 

4.  C.Jil^  acted  on  by  CI  and  water,  in  sunlight,  yields 
trichloracitic  acid : 

5.  When  tricliloracclic  acid  is  acted  on  by  nascent  hydnv 
^vn,  it  yields  acetic  acid: 

cc/.^'Co,jf+iMi  =  cir^-coji+^iici 

Tlic  acid  may  also  be  ])rcpared  from  methane  by  the  action 
of  carbon  oxychloridc,  which  converts  it  into  acetyl  chloride, 
a  compound  that  furnishes  acetic  acid  when  decomposed  by 
water: 

(1)  cir^  +  coci,^  r=  c/r^-coc/+//a 

(2)        C/l^-C(H7+/rO/f  ^  C7/.rC00//+//a 

The  i^roup  C//.^-COy  which  remains  unclian^t^ed  during  the 
last  reaction,  is  known  as  acetyl  CJl.p,  and  may  be  con- 
sidered as  ethyl  C'^/A,  in  which  11^  has  been  replaced  by  0\ 
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There  is  a  similar  acid  radical  corresponding  with  each 
alcohol  radical;  a  few  examples  are  given  below: 

A  Icohol  Radicals.  A  cid  Radicals, 

Methyl  CH^  Formyl      CHO 

Ethyl  CH.'CII^  Acetyl        CH.CO 

Propyl  C^H^'CH^  Propionyl  C^H^-CO 

Butyl  C,//, •  67/,  Butyr>'l      C^H^  •  CO 

Amyl  C^H^'CH^  Valcr>'l       C^H^CO 

It  will  be  seen  later  that  the  alcohol  radicals  combine  in 

pairs  with  oxygen   to   produce  ethers   of  the  type    iy,>0. 

A 

The  acid  radicals  combine  with  oxygen  in  a  similar  manner 

CH  CO 
to    produce    actd  anhydrides^  such   as     Ajf  rr)>0^  acetic 

anhydride. 

73.  Acetic  anhydride^  or  diacctyl  oxide ^  also  known  as 
anhydrous  acetic  acid  (CH^C  0)^0  ^  is  prepared  by  distilling 
acetyl  chloride  with  an  equal  weight  of  perfectly  anhydrous 
sodium  acetate: 

CH^COCl-\-CH^'COONa  =  {CII,CO),0  + NaCl 

It  distils  over  as  a  colorless  heavy  oil,  smelling  of  acetic 
acid,  and  irritating  the  eyes.  Its  boiling  point  is  at  137°, 
and  its  specific  gravity  is  1.073.  It  dissolves  slowly  in 
water,  being  gradually  converted  into  acetic  acid: 

(C,H,0\0  +  H,0  =  2C,//,0(0//) 

Acetic  anhydride  may  also  be  prepared  by  heating  lead 
acetate  with  carbon  disulphidc: 

2Pd{C//^C0X  +  CS\  =  nC//,'C0),0+2PdS+C0, 

By  carefully  acting  on  acetic  anhydride  with  sodium  amal- 
gam and  water,  it  has  been  converted  into  aldehyde  and 

alcohol : 

{CH^'C0),0  +  2H,  =  2(Cfl,'C/lO)  +  H,0 

and  CH,  •  CHO  +  //,  =  Cl/^  -  C//,  •  0// 

From  this  circumstance  it  is  called  acetyl  hydride — a  name 
sometimes  given,  as  already  mentioned,  to  aldehyde. 
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Acetyl  dwxidc^  or  atciic  peroxide  (CH^'CO)fi^  is  a 
remarkable  compound,  obtained  by  ibe  action  of  barium 
dioxide  on  acetic  anhydride.  It  is  a  thick  liquid,  possessing 
energetic  oxidizing  properties,  and  it  decomposes  with 
expl'jsive  \*iolenoe  on  heating. 

74.     Propionic   Acid.  —  Propionic  acid   C^H^-COJI  \% 

formed  in  small  quantities  by  the  distillation  of  wood,  and 
by  the  fermentation  of  various  organic  bodies,  j>articularly 
calcium  lactate  and  tartrate.  It  is  prepared  most  readily  by 
treating  ethyl  cyanide  with  caustic  potash: 

or  by  the  action  of  carbon  dioxide  on  sodium  ethyl: 

Propionic  acid  is  a  colorless  liquid  with  penetrating  odor, 
somewhat  rusemMing  that  of  acetic  acid.  It  has  a  specific 
.i^ravity  of  .l»i»  and  boils  at  141  ■.  It  is  miscible  with  water 
in  all  pn.)portions.  It  is  not  of  any  importance  in  the  arts. 
The  /'r.'/'il'ficitcs  are.  as  a  whole,  easily  soluble  in  water, 
sii:\r  fr./'i-iu:.'.  h"\vc'Vt*r.  bciiv^"  an  exception,  as  it  is  only 
s})arinL;]y  -< '-ii^lc  therein.  Liad  f>ropionatc  is  much  more 
uiirKiilt  to  crystal] :.:c  tiiaii  lead  acetate. 

7.">.     IJutyric  Acid>. — lUityric  acid  T,//, (7^,// exists  in 

two  ni'7']i!A'ali».)ii>:    viz.  : 

CllCIfC/f.^  CH(CHX 

coon  cooH 

nor:n:il  bntvric  arid  isobutvhc  acid 

Tlie  normal  cu  ill  was  discovered  in  butter,  where  it  exists 
combined  witli  ^^-lyeeml  in  butyrui^  hy  Chevreul,  a  French 
clieniist.  Tlie  normal  acid  is  usually  j^rcparcd  from  cane 
sui^ar  l)y  dissolvin;^'-  it  in  water,  addini^^  a  little  tartaric  acid, 
boilin.i^  to  convert  the  sticrose  into  i^ducose,  and  adding  to 
the  cooled  licjuid  some  ])iilrid  cheese  rubbed  up  in  about 
thirty  times  its  weii^ht  of  milk.  vSome  chalk  is  stirred  into 
the  mixture,  which  is  then  allowed  to  ferment  for  a  week  at 
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a  temperature  of  from  30°  to  35°.  The  glucose  C^H^^O^ 
undergoes  the  lactic  fermentation^  and  is  converted  into 
lactic  acid  CJtijO^y  which  is  converted  by  the  chalk  into 
calcium  lactate,  forming  a  pasty  mass  of  crystals.  After  a 
time  the  mass  becomes  liquid  again,  evolving  bubbles  of 
hydrogen  and  carbon  dioxide,  and  forming  a  strong  solution 
of  calcium  butyrate,  produced  by  the  butyric  fermentation. 
When  this  is  mixed  with  strong  hydrochloric  acid,  the 
butyric  acid  rises  to  the  surface  and  forms  an  oily  layer, 
which  may  be  removed  and  purified  by  distillation. 

Butyric  acid  is  a  colorless  liquid  having  a  very  disagree- 
able smell,  similar  to  that  of  rancid  butter;  it  has  a  specific 
gravity  of  .96  and  boils  at  163°.  It  is  very  strongly  acid  and 
quite  soluble  in  water.  Butyric  acid  perfectly  neutralizes 
the  bases,  forming  butyrates.  These  compounds  are  mostly 
soluble  in  water  and  have  a  fatty  feel.  Calcium  butyrate 
Ca(C^H^O,)^  is  more  soluble  in  cold  than  in  hot  water;  its  cold 
saturated  solution  becomes  a  solid  mass  when  heated  to  70°. 

Isobutyric  acid   ^.'•^yCIf—COOH   occurs  in    the  free 

state  in  the  fruit  of  the  Ceratonia  siliqua  (St.  John's  bread), 
and  as  ether  in  parsnip  oiL  It  is  formed  by  the  oxidation  of 
isobutyl  alcohol,  and  it  may  be  obtained  by  decomposing 
isopropyl  cyanide: 

C\H^CN-\-2H^0  =  N//^+C,l/,'CO,f/ 

This  acid  in  general  closely  resembles  normal  butyric  acid, 
but  its  odor  is  less  pungent  and  offensive.  It  is  not  soluble 
in  water,  its  specific  gravity  is  .96,  and  it  boils  at  154°. 

76.  Valeric  Acids. — Four  vane  tics  of  valeric  acid,  hav- 
ing the  formula  CJJ^-COJI^  are  possible  and  known; 

CH,'CH,'CH,^CH,  CH,CH{CHX  CH{C7/,){CVQ  C{CHX 
COOH  COOH  COOH  COOH 

propyl  acetic,  isopropyl  acetic,        methyl  ethyl       trimethyl 

or  or  acetic  acid         acetic  acid 

normal  valeric,  acid       isovaleric,  acid 

Propyl  acetic^  or  normal  valeric,  acid  CJI^COOH  is  an 
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(lily  liquid;  it  has  a  sjx'ci  fie  gravity  of  .957  and  oils  at  18o\ 
lis  otlor  somewhat  resembles  that  of  butyric  acid,  though 
it  is  not  (jiiile  as  intense. 

hopropyl  acctii\  or  isovaleric^  ami  is  the  so  called  ordinary 
valine  acid.  It  was  discovered  by  Chevreul,  who  obtained 
it  from  dolphin  oil.  It  occurs  in  valerian  root,  angelica 
r<K»t,  and  many  other  plants.  It  is  prepared  by  oxidizing 
amyl  alcohol  with  a  mixture  of  potassium  dichromate  and 
sulphuric  acid;  4  pzirts  of  potassium  dichromate,  C  parts 
of  oil  of  vitriol,  and  8  parts  of  water  are  mixed  in  a  good 
sized  retort,  to  which  1  part  of  amyl  alcohol  is  cautiously 
added,  the  retort  l)eing"  kept  in  ice-cold  water  to  moderate 
the  vi<  >lence  of  the  reaction.  "When  the  chang;e  appears  com- 
plete, the  deep-green  liquid  is  distilled  nearly  to  drj'ncss, 
the  pnxluct  mixed  with  excess  of  caustic  potash,  and  the 
a([ucous  solution  scparatcxl  from  the  oily,  coloriess  liquid, 
which  floats  ujxm  it.  The  alkaline  solution  is  then  evapo- 
rated and  decomposed  by  sulphuric  acid.  The  greater  part 
of  the  valeric  acid  then  i-cparates  out  as  an  oily  liquid  which 
is  lii^hter  than  water;  this  liquid  is  a  hydrate,  having  the 
eniiiposiiirni  CIL  O  Jl  O.     When  distilled  alone,  it  under- 

'  .III*         V  • 

;^'"es  (lecoinposiiion;  :it  first  water  with  a  little  of  the  acid 
ap])!."irs,  wIi'kIi  is  eventually  followed  by  the  pure  acid 
(ll^_0.,,  l^Mvalrrio  acid  is  a  thin,  oily  liquid  with  an  odor 
eliararti.risiic  to  llie  valerian  root.  It  has  a  specific  gravity 
of.l'K  and  l)«'i!s  al  !!.'»  .  It  dissolves  in  'M)  ]>arts  of  water, 
Troni  wln'rli  ii  is  ]>reeii)ilaled  by  the  add  it  ifm  of  neutral  salts, 
II  IkiS  a  sliai  |)  a«.iil  la^le,  reddens  litmus  paper,  and  bums 
with  brii^lil  hut  sni"kv  llanx'. 

'Frinutliyl  lU'ith'  lUi./,  sonielinies  called  fiiopififoic  acid^ 
is  formed  when  ])otassiuni  hy«lrate  is  boiled  with  cyanide 
derived  from  trimelli\l  earl>inol: 

(^7/j.rr.v-i-->//7) .-.  ((71)  ('Cooii+.y//^ 

Tl  is  a  crystalline  mass,  fusible  at  ')'»  ,  and  boiling-  at  1G3°. 
It  is  Soluble  i!i  .about  lo  parts  of  water  at  2(r'. 

77.  Capi'olc,  or  Ili'xoic,  A<*i<ls.- -These  acids  have  the 
formula  CJI^^COJl',  they  occur  in  cow's  and  goat's  milk. 
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in   certain  cheeses,    etc.     Ei^ht  modifications  are  possible, 
though  only  five  of  them  are  known  so  far. 

Normal  caproic,  or  pcnty I  formic^  acid  CIIJ^CH^^'COJI 
may  be  obtained  by  heating  normal  pentyl  cyanide 
CH^(CH^)^CN  with  a  strong  solution  of  potash.  It  is 
also  produced,  together  with  other  acids  of  the  fatty  series, 
"by  the  oxidation  of  albuminous  substances.  It  is  a  clear,  oily 
liquid  of  sweet,  pungent  odor.  It  has  a  specific  gravity  of 
.945  and  boils  at  205°. 

IS.  CEnanthic,  or  Ileptoic,  Acid.  —  CEnanthic  acid 
C,//,,-  CO^H  is  found  among  the  products  of  fats  distilled  by 
superheated  steam.  It  may  also  be  obtained  by  oxidizing 
oenanthic  aldehyde  w4th  potassium  dichromate  and  sulphuric 
acid.  It  has  a  faint  odor,  boils  at  223°,  and  has  a  specific 
gravity  of  .03.  Many  of  the  a^tiant hates,  i.  e.,  salts  of  oenan- 
thic acid,  are  nearly  insoluble  in  wAter.  The  strong  solu- 
tions of  the  alkali  oenanthates  become  gelatinous  on  cooling, 
like  solution  of  soap. 

79.  Capryllc,  or  Oetolc,  Add.  —  Caprylic  acid 
C\//,^-  COJ{  occurs  as  a  glyceride  in  the  butter  made  of  cow's 
milk,  in  coconut  oil,  and  in  human  fat,  and  is  found  in  the 
fusel  oil  of  wines  and  in  old  cheese.  It  is  the  first  acid  of 
this  series  that  exists  as  a  solid  at  ordinary  temperatures. 
It  fuses  at  10°  and  boils  at  230°;  it  has  a  faint  but  unpleas- 
ant odor,  which  becomes  more  distinctive  on  heating.  It  is 
only  very  sparingly  soluble  in  water.  The  caprylafes,  with 
the  exception  of  those  of  the  alkalies,  are  hardly  soluble  in 
water,  but  dissolve  more  freely  in  alcohol. 

80.  Pelargonlc,  or  Nonole,  Add. — Pelargonic  acid 
C^/f^CO^H  "WSLS  originally  obtained  from  the  leaves  of  the 
geranium  (Pelargonium  roseum).  It  is  also  obtained  by  the 
action  of  nitric  acid  on  the  essential  oil  of  rue.  It  is  an  oily 
liquid  of  faint  and  slightly  unpleasant  odor;  it  boils  at  253° 
and  crystallizes  when  cooled  to  12°.  It  has  a  specific  gravity 
of  .91  and  is  not  soluble  in  water. 


72  ORGANIC  CHEMISTRY.  §13 

81.  Rntic,  or  Caprlc,  Add.— Rutic  acid  C^H^JCO^l 
occurs  as  a  glyceride  in  butter,  coconut  oil,  and  fusel  oils. 
It  is  obtained  pure,  but  only  in  comparatively  small  quantities, 
from  the  fusel  oil  of  the  Scotch  whisky  distilleries,  after  the 
amyl  alcohol  has  been  distilled  off  at  132^.  This  residue 
consists  chiefly  of  amyl  rutate,  and  when  this  is  distilled  with 
]xjtash,  amyl  alcohol  is  given  off  and  potassium  rutate  is  left 
behind,  from  which  rutic  acid  is  obtained  by  redistillation 
with  sulphuric  acid. 

Rutic  acid  is  a  slightly  odorous,  crystalline,  solid  substance, 
which  fuses  at  28.5^  and  melts  at  269°;  its  odor  increases 
when  it  is  warmed,  and  resembles  somewhat  the  odor  of 
«^oats.  It  dues  not  dissolve  in  cold  water,  but  in  hot  water, 
alcohol,  ether,  or  nitric  acid  it  is  slightly  soluble. 

8t2.  I^aurlcy  or  DodecatoiOt  Acid.  —  Laurie  acid 
C^JI.../COJI  is  obtained  fromafatty  substance  in  the  fruits 
of  the  bay  tree  {Laurus  nodi/is),  and  in  the  solid  fat  and  vol- 
atile '»il  of  pichurim  lx?ans,  or  sassafras  nuts  (Faboc  IHchu- 
riffi  ffty\).  It  is  prepared  by  saponifying  these  fats  with  a 
Ciiiwtic  alk^ili,  and  decomposing  the  resulting  soap  with 
eiilicr  hvdn>dil'»ric  or  tartaric  acid.  Laurie  acid  is  a  cn's- 
tallitic  S')li.l,  which  fuses  at  44".  It  is  insoluble  in  water. 
bill  cliss<-i\us  readily  in  alcohol,  from  which  it  separates  in 
iK-c(l!e-sh.iiHrd  crystals. 

H\i.     ralinitic  Add.— Palmitic  acid  C,,ff,,CO J/  is  the 

first  (»f  Ir.e  falty  acids,  which  are  found  as  glyc*erides  in  veg- 
ct.il)le  and  ;ininial  fats,  and  which  form  true  S0{7/»s  with  the 
alkalies,  su-.h  soaps  beini^^  the  salts  formed  by  the  fatty  acid 
with  the  alkali  metal;  thcvare  characterized  by  easy  lathcr- 
ini^  when  dissolved  in  soft  water,  by  being  precipitated  from 
llu'ir  arineons  solution  by  .VdC/,  and  by  f^fiving  an  oily  layer 
of  llie  melted  fatty  acnl  with  any  of  the  common  mineral 
acids. 

Palmitic  acid  is  prc])ared  on  a  large  scale  by  distilling  palm 
oil  by  means  of  superheated  steam,  which  decomposes  the 
oil  into  fatty  acids  and  glycerol.  The  fatty  acids  solidify  on 
cooling.     The  preparation  of  palmitic  acid  in  the  laboratory 
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consists  in  boiling  palm  oil  with  potash,  by  which  it  is 
converted  into  potassium  palmitate  and  oleate;  to  this  is 
added  some  dilute  sulphuric  acid,  by  which  a  mixture  of  pal- 
mitic and  oleic  acid  is  precipitated.  This  mixed  precipitate 
is  washed  and  dried,  and  then  dissolved  in  hot  alcohol,  from 
which  the  palmitic  acid  crystallizes  out  on  cooling,  leaving 
the  oleic  acid  in  solution. 

Palmitic  acid  is  a  colorless,  tasteless  solid.  It  is  insoluble 
in  water,  but  readily  soluble  in  hot  alcohol  and  ether,  form- 
ing acid  solutions  from  which  the  acid  crystallizes  out  in 
needles,  or  separates  in  a  solid  mass  on  cooling.  It  melts  at 
62**,  and,  at  a  higher  temixjraturc,  takes  fire  and  burns  with 
a  bright,  but  somewhat  smoky  flame.  It  forms  salts  having 
the  composition  MC^JI^fi^,  ^^^^(^ir/Ai^J**  ^^^j  known  as 
palmitates.  The  substance  known  as  adipoccrc^  a  wax-like 
mass,  which  is  left  when  animal  bcxlies  decompose  in  the 
earth,  is  a  mixture  of  calcium  and  potassium  palmitates. 

84.  3Iarjjfarie  Acid. — Margaric  acid  C^^H^^-CO^H  is 
obtained  by  boiling  cctyl  cyanide  with  potassium  hydroxide: 

C,,H„CN-\-KOII-\-Ufi  =  NH^-\.C,,H^fi^K 

The  solid  potassium  salt  thus  obtained  is  decomposed  by 
boiling  dilute  hydrochloric  acid,  and  the  separated  margaric 
acid  is  precipitated  and  purified.  Margaric  acid  crystallizes 
like  palmitic  acid,  the  cr}'stals  fuse  at  GU°,  and  are  soluble  in 
alcohol  as  well  as  in  ether. 

86.  Stearic  Acid. — Stearic  acid  C^^H^^-CO^H  may  be 
extracted  from  suet  by  boiling  it  with  potash,  decomposing 
the  resulting  soap  with  hydrochloric  acid,  drying  the  sepa- 
rated fatty  acids,  and  dissolving  them  in  the  least  possible 
quantity  of  hot  alcohol.  This  retains  the  oleic  acid  in  solu- 
tion and  deposits  a  mixture  of  stearic  and  palmitic  acid  on 
cooling;  the  mixture  is  carefully  dried  between  paper,  and 
the  crystallization  process  from  alcohol  repeated  a  few  times 
until  the  mixture  fuses  at  60°.  The  stearic  acid  exists  in 
suet,  and  nearly  all  other  solid  fats,  in  the  form  of  the  glycer- 
ide  stearin^  mixed  with  palmitin  and  a  little  olein.     When 
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--.-'•':. ;:i'i  """  T«"ii-ji^^:.  trtsi:  — ^M  the  yce^rare.  oalmitate.  and 

.  „  -  :  :i  cLsciim.  .  n  liii  lir^e  soile.  impure  stearic  acid 
>  7-1  ;.-.":•«  :  r  ire  ".ir  :f  jcrrrt  ic  sceirin  candles  by  sapon- 
s"  :  ^  T-  -e  j:  ijii  'z^^LlT  z±zsk  ^zxTslly  wiih  lime.  The 
-^-L.  i--r^  --nii  srsi.-.  Iii-.:cit>:!5fl  rv  5::Ipa::r:c  acid,  \-ieldsa 
-  ..iT:~i  c  r^":-  -Lu  :-.  "«r'--ci  ire  rre>aed.  nrsr  in  the  cold, 
-::  i  -j:.-  ---?  «:  i.  i  ^  rer  li— ttriiiire,  ia  orxler  to  separate 
Hi      .  :  1.::  i  :r. •—  t":»=  '•i^  f-'sf: lo  rxilr'iric  and  stearic  acids. 

f : — ^~.:  i-:i  -  i  : — siiT'ir-e  i*  1:1.  rz^lzl-zg  at  ^^•.3^  After 
.  ■     %•    :'•  -   ::^i  -:,--:  j..rc  rec-.^nies  a  laminated,  white 

--r.  '  ■  -  -  t.--  - :  ^1  '.:j  r5  1.  rJini-  eqnilinjj  that  of  water. 
":!'.'':  :  --  '  =  :z  "s-i^ir.  r-::!  i?-  s-xuble  in  alcohol  and 
1  -  •  7  .-.'-•**:>.  'r:vl:i:i  cci>.5^:i>  ii  :n  small  pearly 
--     i-.  "  -  .  --  _   ;;t^-  : :  :-i.-e  l.-sc  their  jr>?-i^y  touch.     It  is 

-  _—.--....   ..  1-  :       — .-  "it'-  i  rrl^t  luminous  dame.     The 

-.     .    --  :.  —      .   -:.  .-:  i.::I  oc  bearing:  forming  stiurates, 

,:  ..-:  :  ■  -   .   -y.  ---.is     c  oriinary  soap.     White,  com- 

"    -.  >   -    -•..".  :-.-.:  :.:.'    -.T  j.r.1  >>ia  consists  principally  of 

.       -•       .   .-V.  ■//./.':.  wr.i^h  mav  be  crystallized 

I:  -■.  --'.">>  :::  j.  !:::!e  v*a:er  to  a  clear  solu- 

.      :     -    ■-'..-..-■■-   d '.■.::,;.:.    ::   deix^sits  scaly 

•  .    ../-.->  :::  ^.  >:n:il.ir  way.     The   other 

-:    --..:.-.,■-.■■       :"    -c  v.:  v\-.*j:":r.  and  ma^csiuinare 

-     ::..:>."  •.,:-.  '....  .1  ■  ..:.r  is  V-j-^r-t  in  contact  with  the 
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Si\.  AiTvlu',  or  iHi'iv.  >rrii'^  of  Aflds, — .Irrr/h'  ai'H^ 
t'..'  :  ('.';'•  c'. '  .  /  >  \  :\- .;:.  .1  ".   ■  :.:.     x:.:.i::o:i  ut  acrolein  by 

( ;//  •  c  7/ .  V  - :..;  '■ '  =  ^  *.  ■' '  ■  ^  \\//+  --/^ 

Arrylic  a^i-;  is  ;i  c«;>l«»r!LS<  !i  ::::  :  v.::'.;  :i  >tron»^  and  slightly 
i:r'.:iKitic  rxl«»r,  and  is  niisciS'e  in  ./.'.  :v-<»pti:-tions  with  water. 
It:  solidifiL-s  at  low  temperaturo.  Tv.e;:'^  ;Lt  7m\  and  boils  at 
ll'»".      Xascent   hydrogen   converts   it   into   propionic   acid 

c\/rcoj/. 
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The  metallic  acrylatcs^  except  the  silver  siilt,  are  very 
soluble  in  water,  but  decompose  when  heated  to  100°.  Silver 
acrylatc  CJI^O^Ag  and  lead  acrylate  (C^H^O^)J^b  crystallize 
in  shining  needles.  Potassium  acrylatc^  fused  with  potas- 
sium hydroxide,  yields  acetate  and  formate  of  potassium,  as 
will  be  seen  from  the  subjoined  equation: 

87.  Crotoiilc  Acids. — Crotouic  acid  has  the  formula 
C^H^'COJI^  and  three  modifications  of  this  acid  are  known: 

1.  Solid  crotonic  acid  CH^'CHiCH-COJI  occurs  in 
crude  pyroligneous  acid,  and  is  obtained  by  oxidizing  crotonic 
aldehyde  with  silver  oxide.  Solid  crotonic  acid  crystallizes 
in  slender  needles  or  in  large  plates;  it  melts  at  72°,  and 
boils  at  180°.  It  dissolves  in  VZ  parts  of  water  at  20°.  It 
has  an  odor  like  that  of  butyric  acid,  into  which  it  is  con- 
verted by  nascent  hydrogen.  Fused  KOH  converts  it  into 
potassium  acetate: 

2.  hocrotonic  acid  CH^ :  CH-  CH^CO^H  occurs  in  croton 
oil.  When  PCl^  acts  on  ethylaceto-acetate,  it  produces 
/3-isochloro-crotonic  acid  CH^-CH:  CClCOJfy  which,  by 
treatment  with  nascent  hydrogen,  yields  isocrotonic  acid. 
It  is  a  liquid,  has  a  specific  gravity  of  1.018  at  25°,  boils  at 
172°,  and  is  converted  into  the  solid  acid  at  180°.  When 
fused  with  KOH^  it  is  converted  into  acetate. 

CH 

3.  Mcthylacrylic  acid  Cn^\C<r^Q^ir  occurs  in  chamo- 
mile oil.  It  is  a  liquid,  with  an  odor  resembling  that  of  mush- 
rooms; it  does  not  solidify  at  0°  and  boils  at  100°.  It  is 
converted  by  nascent  hydrogen  into  isobntyric  acid,  and 
when  fused  with  KOH^  yields  propionate  and  formate. 

88.  Ansrellc!  Acid. — Angelic  acid  CJf^-COJlQyixst^  in 
angelica  root,  in  the  flowers  of  chamomile,  and  in  moschus 
root,  a  drug  imported  from  Asia  Minor.  It  is  obtained  from 
angelica  root  by  boiling  it  with  water  and  lime,  and  distilling 
the  filtered  and  concentrated  liquid  with  dilute  sulphuric 
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acid.  Angelic  acid  crystallizes  in  long  prisms  and  needles, 
fusing  at  45^  and  boiling  at  185°.  It  has  an  aromatic  taste 
and  odor,  and  is  soluble  in  hot  water  and  in  alcohol  and 
ether.  When  boiled  for  some  time,  it  is  converted  into  an 
isomeride,  methyl  crotonic^  or  tigliCy  acid  C^HJ^CH^^CO^H^ 
which  is  also  obtained  from  croton  oil,  and  together  with 
angelic  acid  from  cumin  oil  {Cuminum  cyminum).  Fused 
with  KOHy  angelic  acid  yields  acetate  and  propionate  of 
potassium. 

89.  Pyrotereblc  Acid. — Pyroterebic  acid  C^H^-CO^H 
is  produced  by  the  distillation  of  terebic  acid  C^H^jO^^ 
which  is  a  product  of  the  action  of  nitric  acid  on  turpentine. 
It  is  an  oily  liquid  with  a  characteristic  odor,  having  a  spe- 
cific gravity  of  1.01  and  a  boiling  point  at  210**.  Fused  KOH 
jonverts  it  into  acetate  and  butyrate  of  potassium. 

90.  IlypofiTcelc  Add. — Hypogaeic  acid  C,:^H^^CO^H  \% 

extracted  from  the  groundnut  (Arac/iis  hypogccd).  It  is  also 
obtained  by  the  oxidation  of  axinic  acid  C^^H^fi^y  an  acid 
produced  by  the  saponification  of  agCy  or  axin^  a  fatty  sub- 
stance contained  in  the  Mexican  plant  Coccus  axinus,  Hypo- 
ganc  acid  is  a  crystalline  body,  which  fuses  at  39°.  It  is 
soluble  in  alcohol  as  well  as  ether. 

Physctolcic  acid  is  isomeric  with  hypogaeic  acid  and  is 
obtained  from  spermaceti  oil.  It  is,  like  its  isomeride,  a 
crystalline  body,  but  differs  from  it  by  fusing  at  30**. 

Gocidic  acid  is  another  isomeride,  which  is  obtained  by 
the  action  of  nitrogen  trioxide  Nfi^  on  hypogaeic  acid.  It 
has  the  same  fusing  ix)int  as  hypogaeic  acid. 

91.  Oleic  Acid.— Oleic  acid  C,//„C(9,//;  the  most 
important  acid  of  this  series,  is  present  as  olein  in  the  fatty 
oils,  as,  for  instance,  olive  and  almond  oils.  It  may  be  pre- 
pared by  boiling  olive  oil  with  potash,  and  decomposing  the 
solution  with  hydrochloric  acid;  the  oleic  acid  is  separated 
as  a  fatty  layer  contaminated  with  a  little  stearic  and  palmitic 
acid.  To  purify  the  oleic  acid  thus  obtained,  it  is  heated 
over  the  water  bath  with  litharge  at  about  100°  for  2  to 
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3  hours,  when  a  mixture  of  oleate,  stearate,  and  palmitate  of 
lead  is  formed.  The  mixture  is  then  treated  with  ether, 
which  dissolves  the  lead  oleate.  The  liquid  is  decanted,  and 
vigorously  shaken  with  hydrochloric  acid,  whereby  the  lead 
is  precipitated  as  chloride,  while  the  oleic  acid  remains  in 
solution  in  the  ether.  The  ether  is  distilled  off,  the  impure 
oleic  acid  is  dissolved  in  ammonia,  and  precipitated  by  barium 
chloride;  the  barium  oleate  thus  obtained  is  recrystallized 
from  alcohol,  and  decomposed  by  tartaric  acid  to  separate 
the  oleic  acid. 

Large  quantities  of  oleic  acid  are  now  obtained  as  a 
secondary  product  in  the  manufacture  of  stearin  candles,  by 
treating  with  sulphuric  acid  the  lime  soap  resulting  from  the 
action  of  lime  on  tallow.  The  fatty  acids,  which  result  from 
the  decomposition,  washed  with  hot  water,  solidify  on  cool- 
ing. This  solidified  mass  is  subjected  to  hydraulic  pressure, 
when  it  yields  a  liquid  that  is  comparatively  rich  in  oleic 
acid.     It  is  sold  under  the  name  of  red  oil. 

Oleic  acid  is  a  colorless  oil,  which  solidifies  at  0°  and  melts 
again  at  14^.  It  is  tasteless,  odorless,  and  neutral  to  litmus; 
it  becomes,  however,  quickly  yellow  and  acid  by  oxidation 
when  exposed  to  air,  and  acquires  a  rancid,  disagreeable 
odor.  It  is  insoluble  in  water,  very  soluble  in  alcohol,  and 
dissolves  in  all  proportions  in  ether.  When  distilled,  it 
decomposes,  yielding  a  number  of  products  among  which 
scbacic  acid  C^H^J^COJT)^  is  the  most  prominent;  it  can, 
however,  be  distilled  in  a  current  of  superheated  steam  at  a 
temperature  of  250°  without  decomposition.  Its  sjxjcific 
gravity  is  .808  at  19^.  Cold  sulphuric  acid  dissolves  it  with- 
out decomposition.  It  dissolves  solid  fats,  stearic  and 
palmitic  acids,  and  is  dissolved  by  bile,  with  formation  of  a 
soap.  When  fused  with  KOIIy  it  is  converted  into  potas- 
sium acetate  and  palmitate,  according  to  the  equation: 

C„H„CO,HJr  ItKOH  =  CH,CO,K+  C,,H„  ■  CO,K+  //, 

Nitrous  acid  converts  oleic  acid  into  the  isomeric  elaidic 
acid^  which  is  a  solid  and  fuses  at  45°.  Nitric  acid  attacks 
oleic  acid  eagerly,  decomposing  it  into  several  acids  of  the 
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acetic  or  oxalic  acid  scries,  and  [pving  off  red  nitrous 
vapors. 

C>leati*s. — Olcates  are  the  salts  of  oleic  acid.  The  alkali 
olcates  are  decomposed  by  an  excess  of  water  into  free 
alkalies  and  insoluble  acid  oleates.  Soi/ium  olcaie  NaC^M^P^ 
is  always  present  in  ordinary  soap  and  may  be  crystallized 
from  absolute  alcohol.  Barium  oUatc  is  a  crystalline  powder, 
which  is  insoluble  in  water  and  only  sparingly  soluble  in 
boiling  alcohol.  Lead  olcate  fuses  at  80°  and  solidifies  on 
cooling  to  a  translucent,  brittle  mass,  which  is  soluble  in 
ether. 

9ti.  Krucio  Acid. — Erucic  acid  C,,//,,  •  COJI  is  obtained 
by  extraction  from  the  seeds  of  mustard,  rape,  and  grapes. 
It  is  a  crystalline  substance,  which  fuses  at  34°.  When 
fused  with  KOIf,  it  is  converted  into  potassium  acetate  and 
butate,  according  to  the  equation  : 

CJ{,,'C0,If+2K0H  =  CIf,'Cc\K+CJf,^'Ci\K+H, 

When   heated  with   phosphorus  and  hydriodic  acid,  it  is 

converted  into  belienic  acid  C.^J{^^-COJ{^  and  when  heated 
with  dilute  nitric  acid,  it  is  converted  into  its  isomeride 
hrtissidic  iu  ii/,  which  is  a  solid  melting  at  40°. 


MONOBASIC   A<  IDS    FROM    MONOIIVDHIC   ALCOHOLS    OF  THK 

A  <  K  r  Y  L  F  N  F    S  F  H I FS. 

WA.     Propiolie,  or  Sorble,  Series. — The  most  important 

ineni])ers  of  this  series  are: 

Propiolic  acid 

Tetrolic    acid  Palmitolic  acid 

Soibic       acid  Stcarolic     acid 

Linoleic    acid  Hehenolic  acid 

''i'hese  acids  may  be  prepared  from  the  acids  of  the  oleic 
series  by  the  abstraction  of  '^  r.tonis  of  hydrogen,  which  i^^ 
accc)mplishe(l  by  the  action  of  potash  on  the  chlorine  c)r 
l)r()mine  eonii)ounds  or  derivatives  of  these  acids.  For 
instance : 
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C.H^BrO,  +  KOH  =  KBr  +  Hfi+C^H^O, 

bromocrotonic  tetrolic  acid 

acid 

CJI.Brfi^  +  %KOH  =  2A7>V  +  tll^O  +  C///^, 

dibromocrotonic  tetrolic  acid 

acid 


94.  Propiolic  Acid. — Propiolic  acid  CH\  C-COJI  cor- 
responds with  propargyl  alcohol.  It  is  obtained  as  its  potas- 
sium salt  by  heating  an  aqueous  solution  of  potassium 
hydrogen  acetylene  dicarboxylatc : 

COJI'C\  CCO^K  =  CO^  +  HC\  C'CC^K 

It  melts  at  6°,  boils  at  144°,  and  yields  explosive  metallic 
derivatives. 

95.  Tetrolic  Acid.— Tetrolic  acid  6;//,- T^^,// is  pro- 
duced as  mentioned  in  Art.  93  by  heating  chlorocrotonic 
acid  at  100°  with  potash  dissolved  in  alcohol : 

CJI^Cl'CO.^H+^ZKOIf  =  C,H^'C\\K^KCl-\-UI^O 

or  it  may  also  be  prepared  by  heating  s(xlium  allylide  in  car- 
bon dioxide: 

CJi,Na  +  CO,  =  CJI,'CO,Na 

It  crystallizes  in  rhombic  plates,  and  is  easily  soluble  in 
alcohol  as  well  as  ether.     It  melts  at  TG.5°  and  boils  at  203*^. 


96.  Sorbic  Acid.— vSorbic  acid  CJI.COJf  is  obtained 
by  distilling  the  juice  of  the  imripc  berries  of  the  mountain 
ash  {Sordus  aucuparid) ;  the  juice  passes  over,  together  with 
water,  as  a  yellow  fragrant  oil,  which  becomes  a  cr>'s- 
talHne  solid  on  either  boiling  wath  strong  hydrochloric  acid 
or  fusing  with  KOII  and  precipitating  with  an  acid.  It 
crystallizes  in  long  needles,  melts  at  134.5°,  and  is  decom- 
posed when  distilled,  imlcss  in  presence  of  steam.  It  is 
nearly  insoluble  in  cold  water,  very  sparingly  soluble  in  hot 
water,  and  dissolves  in  alcohol.  Nascent  liydrogcn  converts 
it  into  hydrosorbic  acid  CJI^fi^, 
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97.  Unoleic  Add. — Linoleic  acid  C^^H^^-CO^H  occurs 
as  a  glyccridc  in  linseed  oil  and  a  few  other  drying  oils.  The 
oil  is  saponified  with  potash,  the  aqueous  solution  is  precipi- 
tated by  CaCl^,  and  the  calcium  linoleate  extracted  by  ether. 
It  is  a  yellowish  oil. 

Pixlmitolic  Acid  C\JI^^O^  is  an  isomeridc.  It  may  be 
prepared  from  di bromide  of  hyf)ogieic  acid,  and  it  crystallizes 
in  shining  needles,  which  melt  at  42°. 

J>8.  iStearolli?  Acid. — Stearolic  acid  C,^//„ •  CO^H  is  pre- 
pared from  the  dibromidc  of  oleic  acid.  It  crystallizes  in  long 
needles,  melts  at  48°,  and  can  be  distilled  without  decom- 
position. It  is  insoluble  in  water,  and  soluble  in  alcohol  and 
ether. 

99.  llehoiiolic*  Acid.— Behenolic  acid  C^^H^^COJi  is 

prepared  from  the  dibromidc  of  erucic  acid.     It  crystallizes 
in  shining  needles,  which  melt  at  about  75®. 

100.  As  has  been  already  stated  in  Art.  93,  all  these 
acids  may  be  prepared  from  the  halogen  derivatives  of  the 
acids  of  tlie  oleic  series  bv  the  action  of  KOII  dissolved  in 
alcohol.  'J'hc  acids  of  the  sorbic  series  combine  with  2  and 
4  atoms  of  bromine,  and  by  trcatin^^  them  with  nitric  acid, 
Ihcv  lake  lu)  '2  atoms  of  oxv'en  and  are  thus  converted 
into  new  acids. 


MONOBASIC  ACIDS   FHOM   TIIE  MONOII Y1>RIC  ALCOHOLS 

OF  r 1 11 :  \\ I : n z i : n  i :  s i : i u ics. 

1  Ol .     Aromatic,  or  IUmizoIc,  Stories. — These  acids  may, 

accordini;'  to  ihcir  construction,  be  divided  into  two  classes; 
namely: 

1.  Tho^c  in  which  the  ^.^roup  COO  If  is  attached  to  the 
benzene  nucleus;  as,  for  instance,  Ihiizoic  acid  C^H-COM 
and  /olidc  dcid  (\/f^(C/f^)-(WJl.  These  acids  can  be 
obtained  by  oxidizini^"  the  liydrocarbons  containing  side 
chains. 

:2.  TIkjsc  acids  that  contain  the  i^roup  COO/fa,s  part  of 
their  side  chain.      They  may  be  rei^arded  as  open-chain  acids, 
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in  which  C,//^,  C^HJ^CH^^  etc.  have  replaced  //,  as  in 
phenylacctic  acid  C^H^*CH^'COOH  and  toly  lace  tic  acid 
C^HJl^CH^'CH^'COOH.  This  second  class  of  acids  may  be 
prepared  by  the  hydrolysis  of  the  corresponding  cyanides; 
as,  for  instance  : 

benzyl  cyanide 

or  phenylacetic  acid 

phenyl  acetonitrile 

103.  Benzoic  Acid. — Benzoic  acid  C^f/^-CO^//  vras 
discovered  in  1608,  and  prepared  from  animal's  urine  by 
Scheele  in  1785  ;  its  composition  was  established  in  1832  by 
the  researches  of  Liebig  and  Wohler.  It  was  originally 
extracted  from  ^ini  benzoin^  a  resinous  exudation  from  the 
tree  Styrax  Benzoin^  growing  in  the  Malay  Islands.  Benzoic 
acid  occurs  also  in  nature  in  dragon's  blood  (a  resin),  in  Peru 
and  Tolu  balsams,  in  cranberries,  etc.  It  is  present  in  the 
urine  of  horses,  in  combination  with  glycocoll,  as  hippuric 
acid,  from  which  it  is  obtained  by  boiling  with  hydrochloric 
acid.  Benzoic  acid  is  also  present  in  coal  tar.  It  is  obtained 
on  a  large  scale  as  a  by  product  in  the  manufacture  of  oil  of 
bitter  almonds  from  benzyl  chloride  or  benzal  chloride.  The 
acid  may  also  be  obtained  by  heating  benzo-trichloride  with 
water  to  a  high  temperature  : 

Benzoic  acid  crystallizes  in  shining  needles  or  in  feathery 
scales.  It  is  an  inodorous  acid  when  cold,  but  acquires  a 
faint  odor  when  gently  warmed ;  it  melts  at  120°,  and 
sublimes  at  a  temperature  a  little  above  this;  it  boils  at 
250°,  and  volatilizes  without  decomposition  when  boiled  with 
water.  It  diss^>lves  in  about  200  parts  of  cold  and  24  parts 
of  hot  water,  and  is  very  readily  soluble  in  alcohol.  Potash 
and  ammonia  also  dissolve  it,  from  which  solutions  it  is  pre- 
cipitated again  by  an  acid. 

All  the  benzoates  are  more  or  less  soluble,  with  the  excep- 
tion of  ferric  benzoate,  which  is  obtained  as  a  buff -colored 
precipitate  when  ferric  chloride  is  added  to  a  neutral  benzoate. 
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By  distillation  with  an  excess  of  lime,  benzoic  acid  is 
decomposed  into  benzene,  as  may  be  observed  from  the  fol- 
lowing equation  : 

C\H,'COJi^CaO  =  CaCC\+C.//^ 

When  vapor  of  benzoic  acid  is  passed  over  heated  zinc  dust, 
it  is  converted  into  bitter-almond  oil  (benzoic  aldehyde): 

CJ/,'COJ/+Zn  =  C\//,-CHO  +  ZfiO 

When  boiled  with  strong  nitric  acid,  benzoic  acid  is  con- 
verted into  nitrobenzoic  acid  C\HJ^NO^)  •  CO^H,  Phosphorus 
pentachloride  converts  it  into  benzoyl  chloride  C^H^COCl. 
This  chloride  bears  the  same  relation  to  benzoic  acid  as 
acetyl  chloride  beai*s  to  acetic  acid  ;  the  radicals  benzoyl  and 
acetyl  being  related  in  a  similar  way  to  benzyl  and  ethyl : 

Ethyl  CJ{^ ;  Acetyl  C^Hfi"  Benzyl  CJI,\  Benzoyl  C.Hfi' 
Ethyl  hydride  (ethane)  C^M^  Benzyl  hydride  (toluene)  6", //j, 
Ethyl  hydroxide  (alcohol)  Benzyl  hydroxide  C^H^-OH 

Acetyl  hydride  (aldehvde)  Benzoyl  hydride  C^Hfi 

Acetyl  hydroxide  (acetic  Benzoyl  hydroxide  C^HjO^ 

acid)  CJISK 

Benzoic  anJiydri<h\  or  dibenzoyl  oxide  {C^H^'CO)^0,  is 
obtained  by  the  action  of  benzoyl  chloride  on  potassium 
bcnzoate: 

Tlie  mass  is  washed  with  water  and  dissolved  in  alcohol, 
from  which  the  anhvdride  crvstallizcs  out.  It  fuses  at  4*2^ 
and  boils  at  DOd '.  Boiling  with  water  converts  it  into  ben- 
zoic acid. 

When  benzoyl  chloride  is  heated  with  dry  sodium  acetate, 
Ihiizo-aceiie  a)ilivdride  is  obtained: 

C,  //,  •  COCl  +  CI  I  ■  COOX,r 

=  {rj/^-co)(c/i,-co)()+.y.rC/ 

Benzoic  piroxidc  {CJf.CO)..0.^  is  ])rL'parcd  by  the  action 
of  barium  dioxide  on  benzoyl  chloride  under  water: 

•ZCJf.COa^IiaO,  =  {C  Jf  ■CO).0..  +  BaCr 
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The  product,  when  recrj^stallizcd  from  ether,  yields  lar^e 
shining  crystals,  which  explode  when  heated.  Alkalies 
resolve  it  into  benzoic  acid  and  oxygen. 

103.  Tolulc  Acids. — Toliiic  acid,  or  methyl  benzoic  acid 
C^HJl^CH^-CO^H^  exists  in  three  isomeric  modifications. 
They  are  prepared  by  oxidizing  the  three  corresponding 
xylenes,  CJiJ^CH^^^  with  nitric  acid  diluted  with  3  parts  of 
water. 

Orthotoluic  acid  crystallizes  in  needles,  which  melt  at 
102*^.  It  is  moderately  soluble  in  water  and  distils  easily 
with  aqueous  vapors.  Its  calcium  salt  (C\//^0,)^Ca,*Z//J) 
and  its  barium  salt  {C J  1^0^) Jul  form  needle-shaped  crys- 
tals, which  are  readily  soluble  in  water. 

Metatoluic  acid  is  more  readily  dissolved  in  water  than 
its  two  isomerides.  It  crystalHzes  from  hot  water  in  needle- 
shaped  cr\-stals,  which  melt  when  exposed  to  a  temperature 
of  about  110°.  It  distils  easily  without  decomposition  with 
aqueous  vapor.  Its  calcium  salt  (CJI^O.).^Cay'MI^O  crys- 
tallizes from  alcohol  in  needles,  which  are  readily  soluble  in 
water. 

Paratoluic  acid  is  obtained  by  oxidation  of  1  :  4-xylene 
with  dilute  nitric  acid;  it  crystallizes  in  needles  melting  at 
178°.  Its  calcium  salt  {CJf,0^)^Ca,2lI.^0  crystallizes  in 
needles,  which  are  readilv  soluble  in  water. 

104.  Mesitylenic  Acid.  —  Mesitylenic  acid  1:3:5 
C^H^{CH^)^CO.Jf  is  prepared  by  oxidizing  mesitylene  with 
dilute  nitric  acid.  It  is  a  crystalline  volatile  acid,  fusing  at 
166°,  and  soluble  in  boiling  water  and  in  alcohol. 

105.  Cuininie  Acid. — Cuminic  acid,  or  isopropyl  ben- 
zoic acid  I 'A  CJI^{C.Jl.)'COJf,  is  prepared  from  the  alde- 
hyde existing  in  Roman  enntin  oil :  by  boiling  it  with  an 
alcoholic  solution  of  potash,  which  converts  it  into  cuminic 
alcohol  and  potassium  cuminate,  the  cuminic  acid  is  pre- 
cipitated and  may  be  crystallized  from  alcohol.  It  fuses  at 
116°  and  can  be  sublimed. 
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106.  All  the  acids  belonging  to  the  benzoic  or  aromatic 
series  of  acids  are  crystalline,  volatile,  sparingly  soluble  in 
water,  and  readily  soluble  in  alcohol  as  well  as  in  ether. 
When  distilled  with  excess  of  lime,  they  )deld  hydrocarbons 
of  the  benzene  series,  CO^  being  abstracted. 


MONOBASIC  ACIDS  OF  THE  CIXXAMIC  SERIES. 

107.  Clnnamlc  Acid.  —  Cinnamic  acid 
CJ{^CII\  CII'CO^H  is  prepared  by  boiling  storax  with 
soda,  decomposing  the  solution  of  sodium  cinnamate  with 
7/67,  which  precipitates  the  cinnamic  acid  in  feathery  cr}'s- 
tals  like  benzoic  acid,  fusing  at  133°,  boiling  at  290°,  and 
subliming  undecomposed.  It  is  soluble  in  boiling  water  and 
in  alcohol. 

Cinnamic  acid  is  also  known  as  phenyl  acrylic  acid^  and  its 
connection  with  acrylic  acid  is  shown  by  fusing  it  with  pot- 
ash, which  yields  acetate  and  benzoate  of  potassium,  while 
acrylic  acid  yield  acetate  and  formate: 

C\  //, .  CII :  CH'  C(l^  If  +  2  KOH 

()xidi7.in«4'  a«4'cnts  convert  cinnamic  acid  into  benzoic  alde- 
hyde (l)ittcr-ahiK)n(l  oil): 

CJf^'CIf:CI/-COJf+'l(\ 

When  (listillod  with  excess  of  lime,  it  yields  cinnamenc, 
or  ])bcnyl  cthylcMic.  NascL'nt  hy(lro<^cn  converts  it  into 
l>hcn\l  ])roj>i()nic  acid: 

Cinnamic  acid  is  ])rcparc(l  synllK'lically  by  the  action  of 
sodimn  acetate  on  hitter-almond  oil  in  presence  of  acetic 
anhydride,  which  ])n)l)ably  acts  as  a  dehydrating  agent: 

(lr^.CO^\,-\-C,lf.:CI[0  =  CJf.-Cir-,  CH-CO.^Na-\-}f,0 

Atrof'ic  acid^  or  n-pJiciiyl  ncryl  acid,  is  ])roduced  when 
atro])ine,  tlie  alkal.  id  o*'  deadly  ni.L^htshade,  is  boiled  with 
either  barvta  or  HCI.      It  fuses  at  lOO  \ 
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The  other  members  of  the  cinnamic  series  are  of  no,  or 
very  little,  practical  importance.  They  may  be  prepared 
from  benzoic  aldehyde  or  cuminic  aldehyde,  as  cinnamic 
acid  is,  by  treatment  with  the  anhydrides  and  sodium  salts 
of  members  of  the  acetic  series. 


MONOBASIC  ACIDS  FROM  POL.YHTDRIC  ALCOHOLS. 

108.  As  already  stated  in  Art.  36,  these  acids  may  be 
alcohol  acids,  or  aldehyde  acids,  if  the  polyatomic  alcohol  is 
a  glycol,  and  ketone  acids,  or  even  ketone  alcohol  acids  or 
ketone-aldehyde  acids,  if  the  alcohol  is  polyhydric,  in  which 
case  it  must  contain  primary  as  well  as  secondary  alcohol 
groups. 

Alcohol  acids  are  generally  called  hydroxy  acids^  a  title 
that  they  may  justly  claim,  since  they  can  be  prepared  from 
the  chloro-substituted  open-chain  acids  of  the  previous  series 
by  treatment  with  silver  oxide  and  water,  showing  that  the 
CI  has  been  substituted  by  0H\  as,  for  instance,  when 
monochloracetic  acid  is  converted  into  glycollic  acid  : 

2CH^ClCOOH+Ag^O+H^O 

=  ^CH^OH'COOII+'lAgCl 

It  will  be  found  that  the  hydrogen  of  the  hydroxyl  group 
in  a  hydroxy  acid  is  capable  of  replacement  by  a  metal,  just 
as  it  is  in  the  hydroxyl  group  of  an  alcohol,  so  that  the  acid 
possesses  the  functions  of  both  an  alcohol  and  an  acid.  Thus, 
the  monobasic  hydroxy  acids  may  contain  two  or  more  // 
atoms,  replaceable  by  a  metal,  although  they  are  strictly 
monobasic,  since  they  contain  only  one  C7^,// group;  hence, 
they  are  sometimes  termed  diatomic  (triatomicy  etc, )  mono- 
basic  acids. 

The  simplest  hydroxy  acid,  hydroxy  formic  acid 
HO'COOHy  does  not  exist  in  the  free  state,  probably 
for  the  reason  given  in  Art.  34;  it  would  possibly  be 
identical  with  carbonic  acid. 

109.  Glycollic  Acid. — Glycollic  acid,  or  hydroxy  acetic 
acid  CHfiH'CO^H,  was  first  obtained  by  Streckcr  in  1848. 
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It  may  be  considered  as  a  product  of  the  oxidation  of  glycol 
CII^OH'CHfiH  by  diluted  nitric  acid,  but  it  is  better  pre- 
pared by  oxidizing  alcohol  with  nitric  acid.  The  mode  of 
preparation  is  as  follows: 

In  a  cylindrical  glass,  about  2  inches  in  diameter,  118  cubic 
centimeters  of  8(.)-per-ccnt.  alcohol  are  poured  ;  a  long  fimnel 
tube,  the  lower  end  of  which  is  drawn  to  a  point,  is  inserted 
to  the  bottom  of  the  vessel,  and  50  cubic  centimeters  of 
water  are  carefully  poured  in  so  as  to  form  a  layer  beneath 
the  alcohol.  Then  120  cubic  centimeters  of  nitric  acid, 
having  a  specific  gravity  of  1.35,  are  poured  into  the  vessel 
in  the  same  manner,  and  thus  form  a  new  layer  beneath  the 
water.  The  vessel  is  put  aside  without  disturbing  the  layers, 
and  allowed  to  stand  for  5  days  in  a  place  where  a  constant 
temperature  of  about  20°  is  maintained,  when  the  three  lay- 
ers will  have  mixed.  The  liquid  is  then  changed  to  a  syrupy 
consistency  by  evaporating  small  portions  of  it,  say  20  cubic 
centimeters  at  a  time,  over  a  water  bath,  diluted  with  10  vol- 
umes of  water,  boiled,  and  neutralized  with  calcium  carbon- 
ate. To  the  crystalline  paste  which  forms  when  the  mass 
cools  down,  an  equal  volume  of  alcohol  is  added  and  the 
precipitate  filtered  off.  The  i)rccipitate  is  boiled  with  water, 
and,  while  boiling,  is  filtered  in  order  to  remove  all  particles 
of  undissolved  calcium  oxalate.  On  cooling,  the  filtrate 
deposits  calcium  glyoxalate,  while  calcium  glycollatc  remains 
in  solution;  this  is  boiled  with  a  little  lime  in  order  to 
decompose  any  glyoxalate,  and  tlie  filtered  solution  is 
evaporated  and  treated  with  oxalic  acid,  in  order  to  precipi- 
tate the  calcium  as  calcium  oxalate,  thus  leaving  glycollic 
acid  in  solution. 

The  action  of  nitric  acid  on  alcohol  is  of  a  representative 
character.  Ethyl  alcohol  (;'y/,-(V/ is  derived  from  methyl 
alcohol  CI  I.  (^11  bv  the  substitution  of  the  methvl  u"roup  CIL 
for  //,  so  that  ethyl  alcohol  slioiild  be  written  C/l,^'CIf^'01l 
or  CJI  rCII.^'OII.  Xow  tlie  -roups  T/A,  and  07,-  OH,  under 
the  influence  of  oxiiiizini^  a^i^ants,  are  converted  into  CII(\ 
charactcM"istic  of  the  ahlehydes,  and  (i^-O/f,  characteristic 
of   the  acids,   res])ectiv('ly.      Accordini^ly,    we    find,    among 
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the  products  of  the  above  operation,  acetic  aldehyde 
CH^CHO,  acetic  acid  CH^COOH,  glyoxal  CHOCHO, 
gflyoxylic  acid  CHO-COOH,  glycollic,  or  hydroacetic,  acid 
CH^'OH'CO'OH,  and  oxalic  acid  CO^OH^COOH. 

Glycollic  acid  occurs  in  nature  in  unripe  grapes,  in  leaves 
of  the  wild  vine,  and  in  other  plants.  It  has  an  extremely 
sour  taste,  dissolves  readily  in  water,  alcohol,  and  ether, 
melts  at  80°,  and  volatilizes  at  100°. 

It  is  converted  into  oxalic  acid  by  oxidizing  agents.  When 
heated  with  sulphuric  acid,  it  yields  formic  aldehyde  and 
formic  acid: 

CH^OH'COjr  =  H'CHO  +  H'CO.H 

The  formic  aldehyde  is  converted  into  formic  paraldehyde 
{HCOH)^  and  most  of  the  formic  acid  is  decomposed  into  H^O 
and  CO,  When  glycollic  acid  is  heated  with  hydrochloric 
acid,  it  yields  monochloracetic  acid,  according  to  the  equation : 

This  may,  however,  be  reconverted  into  glycollic  acid  by 
boiling  with  KOH,  which  replaces  the  67  by  OH. 

Hydriodic  acid  reduces  glycollic  acid  to  acetic  acid,  as  seen 
from  the  equation : 

CH^OH'CO,H+^Hr  ^  CH^'CO,H+H,0  +  r, 

All  the  glycollates  are  more  or  less  soluble  and  cr>'stallizable. 
Calcium  glycollatc  (C JI JJ ^^Ca,''ll f JJ  is  slightly  soluble  in 
cold  water,  and  crystallizes  in  needles.  Silver  glycollatc 
(C ^H fi ^Ag^^H JD  is  also  sparingly  soluble  in  water.  Both 
these  salts,  however,  dissolve  quite  readily  in  boiling  water. 

110.     Iiactlc  Acids,   or   Hydroxy  propionic  Acids. — 

Of  these  acids  having  the  composition  CJ1  X0II)'C0J1 
there  are  two  isomeric  modifications;  namely, 

CH^  an. OH 


CHOH 
1 

cih 

CO  OH 

CO- OH 

a-lactic  acid, 

/?-! actio  acid, 

or 

or 

ethidcnc  lactic  acid 

cthene  lactic  acid 
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Ethidenc  lactic  acid  CH^'CHOH'COOH, -which,  is  some- 
times called  ctkylidcne  lactic  acid,  or  fermentation  lactic  acid, 
is  obtained  by  a  fermentation  process  known  as  lactous  fer- 
mentation.  Various  kinds  of  sugar  and  dextrin,  when  sub- 
jected to  the  action  of  particular  ferments,  are  converted  into 
lactic  acid,  the  change  consisting  in  a  resolution  of  the  mole- 
cule, preceded  in  some  cases  by  the  assumption  of  the  ele- 
ments //  and  Oy  in  the  form  of  water: 

glucose  lactic  acid 

C„H„0„  +  H,0  =  4C,//.C. 

milk  sugar  lactic  acid 

This  fermentation,  which  is,  as  has  been  previously  stated, 
known  as  lactous  fermentation,  requires  a  temperature 
between  20°  and  40°  and  the  presence  of  water  and  certain 
ferments,  namely,  albuminous  substances  in  a  peculiar  state 
of  decomposition,  such  as  casein,  glutin,  or  animal  mem- 
branes, especially  the  coating  of  the  stomach  or  the  bladder 
of  certain  animals.  Pasteur  investigated  this  peculiar  fer- 
mentation, and  he  came  to  the  opinion,  which  is  shared  by 
many  others,  that  it  depends  on  the  presence  of  a  minute 
living  organism  of  the  fungus  family,  known  as  Pcnicillinvi 
glaucum,  but  whether  this  effect  is  due  to  the  fungi  them- 
selves or  to  the  peculiar  state  of  the  albuminous  matter  in 
wliich  they  occur,  is  still  an  open  question. 

The  following  is  a  gocxl  method  for  preparing  the  acid  in 
larger  quantities:  A  mixture  of  3  kilograms  of  raw  sugar 
dissolved  in  13  liters  of  water,  4  kilograms  of  sour  milk,  lOi) 
grams  of  obi  cbccse,  and  1.5  kilograms  of  pulverized  chalk, 
is  exposed  to  a  tcm]x?rature  of  from  3n"  to  35°.  After  the 
expiration  c)f  a  week,  the  whole  mass  has  solidified  to  calcium 
lactate.  The  salt  thus  obtained  is  purified  by  crystallization, 
and  is  exactly  dccom])oscd  l)y  dilute  sulphuric  acid.  The 
calciuiTi  sulj^hate  is  separated  by  filtration,  and  the  acid 
li(jui(l  is  boiled  and  saturated  with  zinc  carbonate.  It  is  then 
fillcrcHl  au(]  allowed  to  cool.  The  zinc  lactate  crystallizes, 
and  its  solution  being  decomposed  by  hydrogen  sulphide, 
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zinc  sulphide  and  lactic  acid  are  obtained.  The  latter  is 
separated  by  filtration  and  its  solution  concentrated  on  the 
water  bath. 

For  the  preparation  of  lactic  acid  on  a  smaller  scale, 
advantage  is  taken  of  the  fact  that  some  sugars  (glucose, 
fructose)  on  being  heated  with  alkalies,  yield  considerable 
quantities  of  the  acid. 

Lactic  acid  is  a  colorless,  syrupy,  strongly  acid  liquid,  with 
a  specific  gravity  of  1.215.  Subjected  to  heat,  it  begins  to 
lose  water  at  about  130°  and  is  converted,  slowly  and  little 
by  little,  into  a  yellow,  amorphous  mass,  insoluble  in  water, 
but  soluble  in  alcohol  as  well  as  in  ether.  The  amorphous 
body  thus  obtained  is  known  as  dilactk  acid  CJI^fi^\ 

At  230**  it  disengages  a  small  quantity  of  carbon  monoxide 
and  carbon  dioxide,  and  a  ])roduct  distils,  which  very  often 
solidifies  on  cooling.  This  body  is  lactide,  or  dilactic  anhy- 
dride C^H^O^y  and  is  derived  directly  from  dilactic  acid: 

lactide 

Lactide  occurs  in  colorless  crystals,  which  are  soluble  in 
water  and  in  alcohol.  It  possesses  the  property  of  combining 
directly  with  the  elements  of  water,  lactic  acid  being  again 
formed. 

When  lactic  acid  is  heated  to  130°  with  dilute  sulphuric 
acid,  in  a  sealed  tube,  it  yields  aldehyde  and  formic  acid: 

Cjr^O'CO.H  =  CH^'CHO  +  If'CO.H 

With  strong  sulphuric  acid,  the  formic  acid  is  converted 
into  water  and  carbon  monoxide.  Oxidation  with  K^InO 
converts  the  variety  of  lactic  acid  now  imder  consideration 
into  pyruvic  acid  CH^-COCOOff.  Nitric  acid  oxidizes 
lactic  acid  to  oxalic  acid,  and  oxidation  with  chromic  acid 
converts  it  into  acetic  acid,  CO.^,  and  Hfi: 
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Since  lactic  acid  is  really  hydroxypropionic  acid,  it  may 
be  reduced  to  propionic  acid  by  strong  hydriodic  acid; 

C,HX0HyC0^H+2HI  =  C,H^CO,H-\rHfi^I, 

and,  conversely,  propionic  acid  may  be  converted  into  lactic 
acid  by  the  following  steps: 

(1)  CH,-CH^'CO,H+Br^  =  CH.-CHBrCO^H^  HBr 

(2)  CH^CHBrCOJI+KOH=  CH^-CHOHCO^H+KBr 

lioctates. — The  best  defined  of  these  salts  are  represented 
by  the  formulas  MC^H^O^  and  Ar(C^Hfi^^.  They  are,  as 
a  class,  only  sparingly  soluble  in  water,  effloresce  rapidly 
from  their  solutions,  and  are,  all  of  them,  insoluble  in  ether. 

OH 

Sodium  lactate  C^Hfi^Na^  or  CII^—CH<i^Q  »r  ,  obtained 

by  neutralizing  the  acid  with  sodium  carbonate,  is  an  amor- 
phous mass,  which,  when  heated  with  metallic  sodium,  is 

converted  into  disodic  lactate  CH^^^"^  ^  •  Calcium  lac- 
tate {C^H^O^jCa.hHfi  is  obtained  in  the  process  of  pre- 
paring lactic  acid  previously  described.  Zific  lactate 
(CJ!JJ^^Zn,'MIfi  gives  off  its  water  of  cr>^stallization  when 
heated  to  100°,  it  dissolves  in  (J  parts  of  boiling  water  and 
5.75  parts  of  cold  water,  and  is  nearly  entirely  insoluble  in 
alcohol.  Ferrous  lactate  is  precipitated  in  small  yellowish 
crystals  on  mixing  ammonium  lactate  with  either  ferrous 
chloride  or  ferrous  sulphate. 

111.     Htereo-isoinerism   as   Illiisti'ated    by   Ethyli- 

(leiio  l.actif  Acid. — Besides  the  various  places  of  occur- 
rence of  ethylidene  lactic  acid  mentioned  in  Art.  110,  it 
is  also  found  in  the  juice  of  flesh  (its  presence  has  been 
proved  in  Liehii^'s  extract  of  meat),  in  bile,  and  in  the  urine 
of  persons  sufferin;^"  from  phosphorus  poisoning.  This  lactic 
acid  has  been  termed  sarcolactic,  i)X paralactic^  acid,  owinjj 
to  the  fact  tliat  it  cannot  l)c  considered  exactly  identical 
with  ctliylidcne  lactic  acid  of  fermentation  so  far  described. 
'Die  difTcrcnee,  as  far  as  the  ehemieal  properties  are  con- 
ecrned,   is  only  very  slight,  consisting  mainly  in  a  greater 
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solubility  of  zinc  s^ircolactate  (which  crystallizes  with  %H^0^ 
than  of  zinc  fermentation  lactate  (which  crystallizes  with 
3///^),  and  the  decrease  of  solubility  of  the  calcium  salt 
(4//, 6?  against  bHfi  in  the  fermentation  salt).  It  is  in  their 
physical  properties  where  the  greatest  difference  prevails. 
The  fermentation  acid  is  optically  inactive,  that  is,  it  exerts 
no  influence  on  polarized  light,  while  the  sarcolactic  acid 
rotates  the  plane  of  polarization  to  the  right.  (The  student 
is  referred  to  Arts.  168-167,  Physics.)  This  difference  in 
physical  property  leads  to  the  distinct  titles  inactive  cthyli- 
dene  lactic  acid,  for  the  fermentation  of  lactic  acid,  and 
dextro-ethylidene  lactic  acid,  for  the  sarcolactic  acid.  Dex- 
tro-ethylidene  lactic  acid  is  converted  into  an  anhydride 
when  kept  out  of  contact  with  atmospheric  moisture  and  dry- 
ing it  in  a  desiccator;  the  solution  of  this  anhydride  is  found 
to  be  levorotary.    The  salts  of  the  dextro-acid  are  levorotar}\ 

When  cane  sugar  is  fermented  by  means  of  certain  bacilli, 
a  levo-ethylidene  lactic  acid  is  produced,  whose  salts  are  dex- 
trorotary. 

It  appears  that  there  are  three  ethylidene  lactic  acids, 
which  may  be  distinguished  as  inactive,  dextro-  and  leva- 
ethylidene  lactic  acid,  respectively.  But,  w^hen  equal  weights 
of  the  d'  and  /-acids  are  mixed  together,  the  product  is 
found  to  be  optically  inactive;  from  which  we  may  draw  the 
conclusion  that  the  /,  or  inactive,  acid  is  composed  of  an  equal 
number  of  d-  and  /-acid  molecules,  which  neutralize  each 
other,  so  that  in  building  up  a  theory  to  account  for  the 
existence  of  these  three  acids,  it  becomes  only  necessary  to 
attempt  to  explain  the  isomerism  of  the  dcxtro-  and  levo- 
modifi cations.  The  theory  of  i)osition  isomerism,  already 
mentioned,  will  not  be  sufficient  to  furnish  an  explanation, 
because  the  only  possible  position  isomeride  of  ethylidene 
lactic  acid,  according  to  the  theory,  is  ethylene  lactic  acid, 
from  which  both  the  d-  and  the  /-acids  differ  chemically. 

The  examination  of  a  large  number  of  optically  active 
compounds  has  shown  that  each  contains  one  or  more  carbon 
atoms,  to  which  are  attached  four  different  elements  or 
radicals  ;  thus,  in  ethylidene  lactic  acid  Clf^-CHOH'COOH^ 
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the  middle  carbon  has  each  of  its  bonds  satisfied  by  a  differ- 
ent atom  or  radical,  as  is  seen  from  Fig.  7.  Such  a  carbon 
jj-  is  said  to  be  asymnutric^  and  it  is  gen- 

?  erally    believed    that  an   optically    active 

h;,c—c—coob  compound  is  one  tAat  possesses  one  or  more 
M  asymmetric  carbon  atoms^   and    that    the 

Fig.  7.  property  of  being  either  dextro-  or  levo- 

rotary  depends  on  the  arrangement  in  the  space  of  the  four 
different  atoms  or  radicals  grouped  about  the  asymmetrical 
carbon  atom. 

No  hypothesis  has  been  suggested  so  far  upon  which  it 
becomes  possible  to  foretell  whether  a  given  compound,  con- 
taining an  asymmetric  carbon  atom,  will  be  dextro-  or  levo- 
rotary.  This  subject  will  receive  further  attention  after  the 
isomerides  of  tartaric  acid  have  been  considered. 

It  is  only  possible  to  explain  the  existence  of  dextro-  and 
levo-ethylidene  lactic  acids  by  assuming  that  the  four  groups 
attached  to  the  asymmetric  carbon  atom  are  diflEerently 
arranged  in  space. 

If  the  carbon  atom  is  considered  to  occupy  the  center  of  a 
tetrahedron  in  space,  then  it  will  be  found  that  no  essentially 
different  structures  can  be  made,  imless  each  comer  of  the 
tetrahedron  has  a  different  radical  attached  to  it.  For,  if 
two  tetrahcdra  arc  constructed,  the  comers  of  which  are 
represented  by  A-A-A-B,  or  A-A-B-B,  or  A-A-B-C,  or 
any  combination  of  four  letters,  two  of  which  are  the  same, 
it  will  be  found  to  be  always  possible  to  put  the  one  tetrahe- 
dron inside  the  other  in  such  a  manner  that  the  four  letters 
on  the  corners  of  the  one  shall  coincide  with  the  four  let- 
ters on  the  comers  of  the  other.  If,  however,  the  four  cor- 
ners of  each  are  represented  by  four  different  letters,  say 
A-B-C-D^  it  will  be  fmmd  possible  to  arrange  these  letters 
so  that  the  one  tetrahedron  cannot  be  introduced  into  the 
other  in  such  a  manner  that  the  four  comers  correspond.  The 
arrangement  necessary  will  be  imderstood  from  the  state- 
ment that,  if  the  observer  is  opposite  those  faces  of  the  tetra- 
hcdra that  are  similarly  lettered,  the  order  of  the  letters  on 
the  one  face  will  be  the  reverse  of  the  order  of  the  letters 
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on  the  other  face;  if  the  letters  A-B-C\  for  instance,  are  in 
the  order  of  the  mo- 
tion of  the  hands  of 
a  clock  on  the  face  of 
one  tetrahedron,  they 
will  be  in  the  reverse 
order  C-B-A  on  the  face  of  the  other.  Such  an  arrange- 
ment is  shown  in  Fig.  8,  from  which  it  will  be  seen  that  the 
two  arrangements  bear  the  same  relationship  to  each  other 
as  an  object  bears  to  its  image.  If  the  compound,  which  is 
arranged  in  the  clockwise  manner  in  Fig.  8,  is  dcxtrorotary, 
then  that  which  is  counter-clockwise  must  be  levorotary. 

11^.  Kthyleiie  Iiaetle  Add,  or  j3-IIyclroxyi>roplonle 
Acid. — Ethylene  lactic  acid  C//^{0//)'C//^'CC\//  occurs  in 
the  juice  of  flesh,  and  is  prepared  by  treating  /3-icxlopropi- 
onic  acid  CHJ-CH^-CO^H  with  moist  silver  oxide,  or  is 
obtained  by  heating  acrylic  acid  with  aqueous  sodium  hydrox- 
ide. The  free  acid  yields  a  non-crystallizable,  thick  syrup. 
When  heated  alone,  or  when  boiled  with  sulphuric  acid  (diluted 
with  1  part  of  Hfi)^  it  loses  water  and  forms  acrylic  acid; 
hence,  it  is  sometimes  called  hydracrylic  acid.  Hydriodic 
acid  again  changes  it  to  /3-iodopropionic  acid.  It  yields  oxalic 
acid  and  carbon  dioxide  when  oxidized  with  chromic  acid  or 
nitric  acid. 

The  sodium  salt  C^H^O^Na,  melting  at  142°-143°,  and  the 
calcium  salt  {jC^HjD^^Ca.lHfi^  fusing  at  145°,  when  heated 
above  their  melting  points,  pass  into  the  corresponding 
acrylates.  The  zinc  salt  (CJI fi^^Zn,^:H fi  is  soluble  in 
water  and  alcohol. 

113.  Hydroxybiityrle  Acids.  —  Hydroxybutyric  acid 
has  the  general  formula  CJIfi^  =  CJI^<^^  ^  Five  mod- 
ifications of  this  acid  are  theoretically  possible,  although  only 
four  are  so  far  known. 

1.  a^hydroxybutyric  acid  CH^'CH^'CH{OfI)'CO^H  is 
obtained  by  heating  a-bromobut3n:ic  acid  with  moist  silver 
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oxide.  It  is  crystalline,  melts  at  43°-44°,  and  is  very  deli- 
quescent. Its  salts  are  crystalline  compounds,  the  zinc  salt 
(CJi^O^^Zn  forming  white  needles,  which  are  slightly  solu- 
ble in  water. 

2.  (i-hydroxybutyric  acid  CH^CH^QHyCH^COJI  is 
produced  by  boiling  /3-bromobutyric  acid  with  silver  oxide, 
and  in  various  other  ways.  The  free  acid  is  an  uncrystilli- 
zable  syrupy  liquid.  Its  calcium  salt  {C^H^O^^Ca  crystallizes 
only  with  difficulty. 

3.  y-hydroxybutyric  acid  CHJDH\  CH^-CH^-CO^H,  also 
known  as  normal  hydroxybutyric  acid^  is  prepared  from  suc- 
cinic acid  COJI'CH^'CH^'CO^H. 

4.  a-isobntyric  acid  {CII^^ :  C{OH)'CO^H  crystallizes  in 
slender  prisms,  which  are  soluble  in  water  and  in  ether.  It 
sublimes  at  50°,  melts  at  71)°,  and  distils  at  212°. 

5.  P'isobutyric  acid{CH^{CHfiH) :  CM-  CO^H  is,  as  has 
been  already  stated,  obviously  possible,  but  not  known  so 
far. 


POLYIIYDUOXY   MONOBASIC  ACIDS. 

114.  Cf  1  y  c  e  r  i  c  A  f  1  <l .  -  (z  1  y  c  c  r  i  c  acid 
CJf.^OIl'  CIIOJI'  COJf  is  obtained  by  oxidizing  glycerol  with 
nitric  acid,  or  by  treating  it  with  bromine  and  water.  It  is 
also  formed  by  the  spontaneous  decomposition  of  nitro- 
glycerin. It  is  a  thick,  yellow  syrup,  which  is  soluble  in 
water  and  alcohol. 

A  number  of  different  polyhydric  monobasic  acids  is  pro- 
duced by  the  oxidation  of  tlie  sugars;  these  are  known  as 
Juwouic  acids  CIf,X^Il'{CIf0Il)JC0Jf.  They  are  stereo- 
isomerides  of  eucli  other,  being  either  d-,  /-,  or  /-acids. 
Thev  will  be  treated  in  detail  with  the  suirars. 

115,  (ilyoxylic  Ari<l. — Cllyoxylic  acid,  also  known  as 
glyoxalic  acid  CIIO-C  OJI,  is  a  ])roduct  of  the  oxidation  of 
glycol  and  alcohol.  It  is  a  syru]:)y  and  very  acid  liquid.  It 
has  the  properties  both  of  an  acid  and  of  an  aldehyde,  as  is 
indicated  by  its  formula.     Its  solution  reduces  ammoniacal 
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silver  nitrate.     When  heated  with  sulphuric  acid,  it  disen- 
gages carbon  monoxide. 

Glycuronic  acid  CHO'{CHOH)^'COJf  is  obtained  by 
reducing  saccharic  acid  with  sodium  amalgam;  it  is  a  syrupy 
liquid. 

MOXOB^\jSIC  hydroxy  acids    FKOM    IIEXZENE   HYDIIO- 

CAUBOXS. 

116.  The  OH  groups  in  these  acids  may  be  attached 
either  to  the  benzene  nucleus,  when  the  acids  are  phenol  acids 
but  not  alcohol  acids,  or  they  may  occur  in  the  side  chain,  in 
which  case  the  acid  is  an  alcohol  acid ;  thus,  salicylic  acid  is 
a  phenol  acid  CJ^X'^H^-COOH^  while  phenyl-glycollic acid 
is  an  alcohol  acid  C^H-CHOH-COOH. 

The  most  important  general  reactions  by  which  the  phe- 
nolic acids  are  obtained  are : 

1.  The  sodium  phenols  are  heated  with  CO^. 

2.  The  phenols  are  boiled  with  carbon  tetrachloride  CC/^ 
and  KOH\  as,  for  instance, 

C,H^OH+  CCl,  +  hKOH 
=:  CJIXOHyCOOK^^KCl-\-ZHfi. 

3.  The  liomologues  of  phenol  are  oxidized  by  fusion  with 
KOH\  as,  for  instance, 

CJI,{OH)'CH,^%KOH  ^  C,HXOK)'COOK-\-ZH^ 

Like  the  alcohol  acids,  the  phenol  acids  yield  two  classes 
of  salts,  e.  g.,  C,HXOH)'CO^Na  and  CJI,{ONa)'CO^Na, 

11  ?•  Ilydpobenzolc  Adds. — Hydrobenzoic  acid  has 
the  formula  C^HJ1^0H)'C0JI ^n(l  occurs  in  three  modifica- 
tions. The  most  important  is  the  1 : 2-acid,  known  as 
salicylic  acid.  It  was  first  prepared  synthetically  by  Kolbe 
and  Lautemann  by  passing  carbon  dioxide  into  plienol  in 
which  sodium  was  dissolved: 

C^H^-OH^CO^  =  CJIXOH)CO.jr 

The  process  was  later  im])r()ve(l,  and  large  quantities  of 
salicylic  acid  are  now  manufactured  by  treating  dry  sodium 
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phenol  with  carbon  dioxide  under  pressure,  and  heating  the 
product  to  130°.  Sodium  phenyl  carbonate  C^HfiCOONa 
is  first  formed,  and,  upon  heating  under  pressure,  this  is 
converted  into  sodium  salicylate: 

%C,HfiNa  +  CO^  =  C,//,.  OH^  C^H^ONa)  CO^Na 

sodium  phenol  phenol  sodium  saHcylate 

After  removing  the  excess  of  phenol  by  distillation,  the 
mass  is  exhausted  with  water,  and  the  solution  is  treated 
with  hydrochloric  acid,  which  sets  free  the  salicylic  acid. 

It  was  formerly  extracted  from  the  essential  oil  of  winter- 
gree  n  ( Gaulthcria  procu  mbcns) . 

Salicylic  acid  crystallizes  from  its  alcoholic  solution  in 
large  monoclinic  prisms,  and  from  water  in  needles.  It 
requires,  approximately,  1,800  parts  of  cold  water  to  dissolve 
it,  but  it  is  much  more  soluble  in  hot  water  and  in  alcohol. 
Its  solution  gives  an  intense  violet  color  with  ferric  chloride. 
It  melts  at  155°,  gives  off  phenol  at  a  higher  temperature, 
and,  when  heated  with  quicklime,  is  completely  resolved 
into  carbon  dioxide  and  phenol.  It  is  distinguished  from 
both  its  isomc rides  by  its  behavior  with  ferric  chloride,  its 
very  slight  solubility  in  water,  and  its  lower  melting  point. 
It  possesses  powerful  antiseptic  properties,  and  is  used  for 
the  preservation  of  meat  and  other  food  articles,  being  both 
tasteless  and  odorless. 

The  salicylates  of  K  and  N^a  are  crystallizable;  barium 
salycilate  [CJ{^{0H)C0^]^Ba,2lI^0  also  crystallizes,  and, 
when  boiled  with  bar}^ta  water,  yields  a  sparingly  soluble 
salt  C ^H ^BaO CO ^,^H fi ,  in  which  the  dyad  Ba  replaces  the 
//of  the  hydroxyl, .as  well  as  that  of  carboxyl 

118.     Anisic  Add. — Anisic  acid,  or  paramethyl  oxybcn- 

zoic  acid  C JI ^O C / 1 )  -  C O ^H,  is  obtained  by  oxydizing  anisic 
aldehyde  CJIfi.^^  which  is  obtained  by  treating  the  oils  of 
anise,  of  fennel,  etc.  with  nitric  acid.  It  is  obtained  arti- 
ficially from  salicylic  acid  by  heating  its  potassium  salt  to 
220°,  wlien  it  yields  di potassium  parahydroxybenzoate, 
which  is  converted  into  potassium  anisate  when  treated  suc- 
cessively with  methyl  iodide  and  caustic  potash; 
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2[C,HX0H)  ■  CO,K\  =  C,H,-  0//+  CO,  +  CJl^OK)  ■  CO,K 
C,Hj(0K)C0,K-\-2CHJ  =  C,HXOCfr,)CL\CH,-\-'iKI 

methyl  anisate 

C,H^{OCH,)  ■  CO^CH,  +  KOH 
=  C,HXOCH,)CL\K^CH,-OH 

potassium  anisate 

Hydrochloric  acid  precipitates  the  anisic  acid,  which  may 
be  dissolved  in  alcohol  and  crj'stallized  in  prisms.  It  melts 
at  185°,  and  distils  without  decomposition  at  280°. 

119.  Protocateeliulc  Add. — Protocatechuic  acid,  or 
dihydroxybenzoic acid  C ^H Jifi H)^-  CO Ji ^  is  produced  by  the 
action  of  fused  soda  on  bodies  belonging  to  the  class  of  gtim 
resins.  The  acid  obtained  its  name  from  its  production  in 
this  way  from  catechu^  a  substance  extensively  used  in  dyeing 
black.  It  crystallizes  from  water  in  shining  needles  con- 
taining 1  molecule  of  Hfi.  It  is  soluble  in  hot  water,  ether, 
alcohol,  and  sparingly  soluble  in  cold  water.  The  crystals 
melt  at  199°,  and  decompose  into  CO^  and  CJIJ^OH^  (PT^o- 
catechol)  at  a  higher  temperature.  Ferric  chloride  colors 
the  solution,  changing,  on  addition  of  a  very  weak  solution 
of  sodium  carbonate,  to  blue  and  finally  to  red. 

130.  Vanillic  Add. — Vanillic  acid,  or  methyl  protocat- 
cchuic  acid  CJ{^{OH){OCH^)'CO^H,  is  formed  by  oxida- 
tion of  vanillin,  when  that  substance  is  exposed  to  the  moist 
atmosphere.  It  may  also  be  prepared  by  oxidizing  coniferin 
(a  glucoside)  with  potassium  permanganate.  It  crystallizes 
in  plates  or  shining  white  needles,  fusing  at  211°,  and  sub- 
liming without  decomposition.  It  is  sparingly  soluble  in 
cold  water,  and  readily  soluble  in  hot  water  and  in  alcohol. 
When  heated  together  with  hydrochloric  acid  in  a  sealed  tube 
at  150°,  it  is  decomposed  into  protocatechuic  acid  and  methyl 
chloride : 

cji^(on)(OCHycojf\na 
=  cjixoin-coji^cu.ci 
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121.  Gallic  Add.— Gallic  acid  CJIJ^OH\ ■  CO^H  is  ob- 
tained artificially  by  treating di-iodosalicylicacid  with  alkalies: 

C,HJ,0,-\-2KOH  =  iK:/+C,H,(ON),0, 

di-icxlosalicylic  gallic  acid 

acid 

It  results  from  the  hydrolysis  of  the  tannin  in  gallnuts 
{gallotannic  acid): 

It  is  therefore  usually  prepared  by  exposing  coarsely  pow- 
dered and  moistened  gallnuts  to  the  air,  renewing  the  water 
as  it  evaporates.  At  the  expiration  of  two  or  three  months 
a  black  liquid  is  separated  from  the  mass  by  pressure,  and 
the  solid  residue  is  exhausted  with  "hot  water.  The  liquid  is 
then  purified  by  repeated  crystallization.  It  cry'^stallizes  in 
fine  silky  needles,  with  1  molecule  of  water,  which  melt  at 
about  200°,  and,  if  the  temperature  is  further  increased  to 
about  210°,  it  is  decomposed  into  CO^  and  C^f/^{OH)^  (pyro- 
gallol).  Gallic  acid  is  soluble  in  100  parts  of  cold  water  and 
3  parts  of  hot  water;  it  dissolves  very  readily  in  alcohol,  but 
less  freely  in  ether.  A  solution  of  gallic  acid  gradually 
absorbs  oxygen  from  the  air,  becoming  colored  and  disen- 
gaging CO.,.  If  a  recently  boiled  solution  of  gallic  acid  is 
passed  up  into  a  tube  filled  with  mercury  and  containing  no 
air,  and  some  recently  boiled  baryta  water  is  then  added,  a 
white  precipitate  is  formed,  which  at  once  changes  to  blue, 
if  a  little  oxygen  is  allowed  to  bubble  through.  The  change 
of  color  indicates  the  oxidation  of  the  gallic  acid.  Ferric 
salts  give  a  l^luish-black  precipitate. 

When  gallic  acid  is  heated  with  4  parts  of  strong  sulphuric 
acid  to  about  75'',  a  dark-red  solution  is  obtained,  and  if  this 
is  cooled  and  poured  into  water,  a  red  precipitate  is  obtained. 
This  precipitate  has  the  composition  C,y//^^,2/J^,  or  twice 
the  com]:)osition  of  ^i^allic  acid  minus  2//..0  ;  it  was  formerly 
called  rufii^^allic  acid,  but  is  really  a  compound  called  licxa- 
liy(lroxyautJira(]ui)h)}ic  C^J[{OII)fi^. 

r>'>.     Klla«ic    Acid.  -Ellagic    acid    C^,H,p^'CO,H  \^ 

ol)taincd  hv  tlvj  action  ot  an  oxidizing  aijcnt — such  as  arsenic 
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anhydride,  silver  oxide,  etc.— on  gallic  acid.  It  is  a  con- 
stituent of  the  bezoar  stones,  the  calculi  sometimes  found  in 
the  intestines  of  a  certain  Persian  species  of  the  goat.  It  is 
a  yellowish,  crystalline  powder,  which  is  insoluble  in  water, 
and  only  slightly  soluble  in  alcohol. 


123.  Tannic  Add. — Tannic  acid  and  tannin  are  the 
names  generally  applied  to  certain  slightly  acid  compounds, 
which  are  found  wndely  diffused  through  the  vegetable  king- 
dom, and  which  have  the  two  following  characteristic  prop- 
erties: (1)  They  produce  a  bluish-  or  greenish-black  color 
with  the  ferric  salts,  which  is  the  basis  of  writing  ink;  and 
(2)  they  precipitate  gelatine  and  albuminous  matter — hence 
their  property  of  more  or  less  completely  tanning  hide  to 
leather. 

The  only  one  of  these  acids  that  has  been  thoroughly 
investigated  is  gallotannic  acid  C^^H^0^'C0JI,2H^0,  It  is 
most  readily  prepared  by  exhausting  finely  pulverized  gall  nuts 
with  a  mixture  of  alcohol  and  ether  in  a  percolator  (see  Fig.  9) 
having  its  mouth  loosely  closed  with  a  lid  and  its 
neck  plugged  with  cotton  wool.  The  ethereal  solu- 
tion that  passes  through  is  collected  in  a  receiver, 
and  in  the  course  of  a  day  or  two  separates  into  two 
or  sometimes  three  layers,  or  strata.  The  lowest 
layer  is  a  very  concentrated  solution  of  gallotannic 
acid  in  water,  while  the  upper  one  consists  of  ether, 
holding  in  solution  gallic  acid,  coloring  matter,  and 
other  impurities.  The  aqueous  solution  of  gallo- 
tannic acid  is  evaporated  to  dr\'ncss  at  a  low  tem- 
perature. The  acid  has  also  been  prepared  by  the 
action  of  a  dehydrating  agent  such  as  POCl^  on 
gallic  acid ;  hence,  it  is  believed  to  be  digallic 
acid  C,H^{OH\'CO'0'CJI^(OH)^'COOir,  which 
represents  2  molecules  of  gallic  acid  from  which 
1  molecule  of  water  has  been  removed. 

Gallotannic  acid,  or  tannin,  thus  obtained  is  a  slightly  yel- 
lowish, amorphous  mass,  which  is  very  readily  soluble  in 
water,  but  only  slightly  so  in  alcohol  and  ether.     Its  melting 
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point  is  at  212°-215°.  Its  solution  is  slightly  acid  and 
astringent.  A  solution  of  tannic  acid  produces  with  ferric 
salts  a  bluish-black  precipitate,  which  constitutes  ink.  It 
does  not  color  ferrous  salts,  but  the  mixture  soon  blackens 
on  exposure  to  the  air  by  absorbing  oxygen. 

Gallnuts  are  very  rich  in  tannin  as  we  have  seen,  and  a  very 
good  writing  ink  may  be  prepared  in  the  following  manner: 
One  kilogram  of  finely  powdered  gallnuts  is  exhausted  with 
14  liters  of  water,  and  the  solution  is  filtered;  a  solution 
of  500  grams  of  gum  arabic  is  then  added,  and  afterward  a 
solution  of  500  grams  of  ferrous  sulphate;  the  whole  mixture 
is  then  thoroughly  stirred,  and  exposed  to  the  air  until  it 
acquires  a  deep  black  color. 

Besides  albumin  and  gelatine,  starch  and  most  of  the  alka- 
loids are  also  precipitated  by  tannic  acid.  NaCl  causes  the 
separation  of  tannic  acid  from  its  solution.  Lead  acetate 
precipitates  it  as  a  basic  tannate,  which  is  insoluble  in  acetic 
acid.  Copper  sulphate  also  precipitates  it  immediately. 
Alum  and  potash  added  to  tannic  acid  give  a  precipitate  that 
is  insoluble  in  cold  potash  solution.  If  potash  or  ammonia 
is  added  to  a  solution  of  t^mnic  acid,  it  acquires  a  brownish 
color,  owin^  to  the  absorption  of  oxygen. 

If,  to  an  alcoholic  solution  of  tannic  acid,  an  alcoholic 
solution  of  potash  is  added,  a  precipitate  oi potassium  taunaic 
C^Jl,^0.-COJ\\'^  obtained,  and  if  this  precipitate  is  dissolved 
in  water  and  a  solution  of  BaCl^  added,  a  precipitate,  which 
K^.  barium  ianmitc  {C ^JI^P^-CO^.^Ba,  is  produced. 

The  tannic  acids,  or  tannins,  used  in  the  arts,  in  the  form 
of  cxti'acts  of  various  parts  of  dilTerent  plants,  slightly  vary 
in  properties  and,  ])ossibly,  in  composition.  Pending  a 
more  exact  knowled.i^-e  as  to  their  constitution,  they  are  dis- 
tinj4'uished  by  names  implyini^  the  sources  from  which  they 
are  derived ;  thus,  qucrcitaiuiic  acid  is  obtained  from  the  bark 
of  tlie  oak  tree,  (juiuolaiiuic  acid  from  cinchona  bark,  caffco- 
tannic  acid  U'uxw  cotTee,  etc. 

1  ^l\.  Coil  marie  Acid.  -Coumanc  acid,  or  /  :  2'hydroxy 
cinna))iic  acid  CJfJ^OII)'CII\Cll'COJ[,  occurs  \Xi  faham 
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leaves^  and  is  readily  prepared  from  coumarin,  its  anhydride, 
by  boiling  with  potash,     Coumarin  ^•-^4<>^^T/^z/  is  that 

substance  which  causes  the  well  known  odor  of  hay  and  of 
the  Tonka  bean  (Coumaroma  odoratd).  Coumarin  is 
extracted  from  these  plants  by  boiling  with  alcohol,  and 
crystallizes  in  slender,  shining  needles.  It  has  been  pre- 
pared artificially  by  heating  sodio-salicylic  aldehyde  with 
sodium  acetate  and  acetic  anhydride. 

135.  Caflfelc  Acid. — Caffeic  acid,  or  dihydroxy  cin- 
namic  acid  C^H^(OH)^'CH:  CH-CO^H^  is  prepared  by  boil- 
ing, with  caustic  soda,  the  residue  obtained  by  evaporating 
the  coffee  beverage  and  precipitating  the  solution  with  HCL 
It  crystallizes  in  slightly  yellowish  plates,  or  prisms,  and  is 
readily  soluble  in  hot  water  and  alcohol. 

126.  Quinlc  Add. — Quinic,  or  kink^  acid,  or  tetra- 
hydroxy  benzoic  hexanhydride  C^H'H^'{OH)^'CO^H^  occurs 
in  cinchona  bark,  in  coffee,  and  in  various  other  plants,  and 
is  obtained  as  a  by  product  in  the  manufacture  of  quinine. 

Quinic  acid  forms  transparent  colorless  prisms,  which  are 
easily  soluble  in  water,  but  only  very  slightly  soluble  in  alco- 
hol. It  melts  at  162°,  and  is  decomposed  at  a  higher  tem- 
perature. By  means  of  oxidizing  agents  {MnO^  and  H^SO^y 
it  is  converted  into  quinone  C^Hfi^^  and  carbonic  and  formic 
acids.     By  fusion  with  potash,  it  yields  protocatechuic  acid. 


DIBASIC  ACIDS  FROM  PARAFFIN  HYDROCARBONS. 

137.  Oxalic,  or  Succinic,  Series. — The  acids  of  this 
important  series  may  be  considered  as  being  derived  from 
the  hydrocarbons  by  the  substitution  of  two  COOH  groups 
for  two  atoms  of  H.  They  may  evidently  be  obtained  by 
oxidation  of  diprimary  glycols.  The  general  formula  of  the 
series  is  C^H^^{COOH)^.  The  acids  of  this  series  are  solid, 
crystallizable,  and  non-volatile  bodies;  most  of  them  are 
easily  soluble  in  water,  and  all  have  a  strong  acid  reaction. 


102  ORGANIC  CHEMISTRY.  g  13 

They  are  characterized  by  their  beha\'ior  when  heated. 
Those  that  contain  the  COOH  groups  attached  to  different 
carbon  atoms,  tend  to  form  internal  anhydrides  by  loss  of 
water,  while  those  that  have  the  COOH  group  attached  to 
one  and  the  same  carbon  atom,  yield  CO^  and  an  acid  of  the 
acetic  series.  When  fused  with  KOH^  they  yield  KJ^O^ 
and  a  salt  of  the  acetic  series.  Many  of  these  acids  are  pro- 
duced by  the  action  of  powerful  oxidizers  on  a  variety  of 
(jr^anic  bodies;  thus,  succinic,  adipic,  pimelic,  and  suberic 
acids  are  produced  by  treating  various  fatty  and  resinous 
bodies  with  nitric  acid. 

laS.  Oxalic  Acid.  — This  important  acid  (COJJ\, 
occurs  in  many  plants,  and,  chiefly  as  potassium  salt,  in  the 
different  varieties  of  Oxalis  and  Ruvicx,  The  calcium  salt 
is  often  found  in  plant  cells;  it  is  also  met  in  the  animal 
economy.  Urine  frequently  deposits  little  crystals  of  cal- 
cium oxalate,  and  the  salt  is  sometimes  found  in  the  bladder, 
where  it  forms  rough  concretions,  known  to  medical  science 
as  vnilbcrry  calculi. 

Oxalic  acid  is,  as  a  rule,  prepared,  on  the  small  scale,  by 
oxidizing  sii,L;'ar  with  nitric  acid,  and,  on  the  large  scale,  by 
the  oxidation  of  sawdust  with  potash. 

Preparation. — 1.  By  the  oxidation  of  sugar  with  nitric 
acid : 

One  part  of  sucrar  is  i^-ently  heated  in  a  retort  with  5  parts 
of  conccnlratcd  nitric  acid,  spe'cific  gravity  1.4'2.  The  light 
is  removed  wlicn  the  action  commences,  and  copious  red 
fumes  arc  seen  to  d  ism  •■■aire.  When  the  action  slackens,  heat 
may  a;:^^ain  he  a]')plicd  to  the  vessel,  and  the  liquid  concen- 
trated by  dislillinq-  off  the  su])crfluous  nitric  acid,  imtil  it 
dc'pr)sits  crystals  on  cor.Oin^i^'.  Tliosc  are  drained,  redissolved 
in  a  small  (plant ity  of  hot  water,  and  the  solution  set  aside 
and  allowed  to  dry  by  exposure  to  air. 

2.  I>v  heatiuLT  sawdust  with  caustic  alkalies:  Common 
pine  sawdust  is  made  into  a  thick  paste  with  a  solution  con- 
taining *AYV/4- --^"^^^^^A  ^^i^^'^  having  a  specific  gravity  of 
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1.35.  This  is  spread  on  iron  plates  and  gradually  heated, 
care  being  taken  to  keep  it  in  motioa  by  constantly  stirring. 
The  action  of  the  heat  expels  a  quantity  of  water,  and  the 
mixture  is  kept  for  some  hours  at  a  temperature  of  about 
204°,  without  allowing  the  mass  to  become  charred,  which 
would  cause  a  loss  of  oxalic  acid.  The  final  product  thus 
obtained  is  a  gray  powder;  this  is  then  treated  with  water 
at  about  15.5°,  which  leaves  the  sodium  oxalate  undissolved. 
The  supernatant  liquid  is  drawn  off,  evaporated  to  dryness, 
and  heated  in  furnaces  to  recover  the  alkalies,  which  are 
causticized  and  used  for  new  operations.  The  sodium  oxal- 
ate is  washed  and  decomposed  by  boiling  with  slaked  lime, 
and  the  resulting  calcium  oxalate  is  decomposed  by  means 
of  sulphuric  acid.  The  liquid  decanted  from  the  calcium 
sulphate  is  evaporated  to  crystallization  in  leaden  vessels, 
and  the  crystals  are  purified  by  recrystallization. 

Properties. — Oxalic  acid  crystallizes  from  its  aqueous 
solution  in  monoclinic  prisms  with  2  molecules  of  water, 
which  effloresce  at  20°  in  dry  air.  Large  quantities  of 
oxalic  acid,  from  about  10  grams  upwards,  introduced  into 
the  system  are  poisonous.  It  acts  on  the  heart,  retarding  its 
movements,  and  on  the  nerve  centers,  of  which  it  rapidly 
depresses  the  functions.  Its  antidote  is  chalk  or  precipitated 
calcium  carbonate.  It  is  soluble  in  9  parts  of  water  of 
medium  temperature,  and  dissolves  quite  easily  in  alcohol. 
It  melts  in  its  water  of  crystallization  at  98°,  begins  to  dis- 
engage gases  at  132°,  and,  between  155°  and  1G0°,  decom- 
poses into  formic  acid  and  carbon  dioxide,  and  also  into  CO,, 
CO^  and  H^0\  both  reactions  take  place  at  the  same  time, 
as  shown  in  the  following  two  equations: 

(1)  C^H^O,=  CIF,0^+CO, 

(2)  CJI.O,  =  CC\  +  CO  +  H,0 

When  heated  with  sulphuric  acid,  it  is  decomposed  into 
carbon  monoxide,  carbon  dioxide,  and  water.  An  aqueous 
oxalic-acid  solution  under  the  influence  of  light  decomposes 
into  CO^y  Hfi^  and,  with  sufficient  oxygen  access,  Hfi^.  If 
a  solution  of  oxalic  acid,  or,  better,  ammonium  oxalate,  is 
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added  to  a  solution  of  calcium  chloride,  a  white  precipitate 
of  calcium  oxalate  is  formed.  This  precipitate  is  fonned 
even  in  very  dilute  solutions,  and  is  insoluble  in  acetic  acid. 

If  a  small  quantity  of  silver  oxalate  C^O^Ag^  is  quickly 
heated  in  a  small  test  tube,  it  explodes  violently. 

All  tliese  reactions  characterize  oxalic  acid. 

Oxalic  acid  is  largely  used  in  calico  printing,  in  dyeing 
and  bleaching,  in  cleaning  brass,  and  in  removing  iron  stains 
from  linen. 

129.  Oxalates.  —  The  oxalates,  except  those  of  the 
alkali  metals,  are  almost  insoluble  in  water.  Sodiuvt  oxalate 
{CO^Xa)^  occurs  in  various  plants  growing  in  salt  marshes. 
Normal  potassium  oxalate  (COJC)^Aq  is  moderately  soluble. 
Hydropotassium  oxalate^  also  known  2ls  potassium  bifwxalate 
(CO^^KH^  is  sometimes  called  salt  of  sorrel  andi  YQvy  often 
essential  salt  of  lemons^  which  latter  name  is,  however, 
wrong,  as  lemons  contain  no  oxalic  acid  whatever.  Trihydro- 
potassium  oxalate,  or  potassium  qtiadroxalatc(CO  ^  ^H ^K^lAq, 
is  more  commonly  sold  as  salt  of  sorrel.  Ammonium  oxalate 
{CO^XIl^),,,Aq  occurs  in  Peruvian  guano.  It  finds  employ- 
ment in  analysis  from  the  precipitation  of  calcium  it  pro- 
duces (see  Art,  75,  Qualitative  Analysis,  Parti).  It  cn'S- 
lallizes  in  needles  from  a  solution  of  oxalic  acid  that  has  been 
neutralized  with  ammonia.  Caleium  oxalate  {CO^fSa^Aq 
occurs  crystallized  in  phmt  cells,  and  certain  plants  growing 
in  soil  rich  with  limestone  contain  sometimes  as  much  as  half 
their  entire  weij^ht  of  calcium  oxalate.  As  has  been  pre- 
viously mentioned,  it  is  occasionally  found  in  abnormal  urine 
and  in  calculi.  Ferrous  oxalate  {CO^J'^e  occurs  as  oxalitera 
coal;  frrie  oxalate  {CO^Ju\,,  when  exposed  to  sunlight  in 
the  presence  of  water,  evolves  CO.^  and  deposits  a  yellow 
crystalline  precipitate  of  {C(^,XJu\'2A(/.  Ferric  oxalate  is 
used  in  photoi^Ta])hy.  ]\^tassiuui  ferrous  oxalate  {CO ^J^eK^ 
is  prepared  by  adding  potassium  oxalate  in  excess  to  ferrous 
sulphate;  it  is  a  very  powerful  reducing  agent,  and  is  used 
as  such  quite  frequently  in  photograi)hy.  Potassitim  clirovnc 
oxalate  (CO.^J\.jCr,'^Aq  is  obtained  in  crystals  of  dark-blue, 
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or  nearly  black,  color,  by  dissolving^  in  water  1  part  of  potas- 
sium dichromate,  2  parts  of  hydropotassium  oxalate,  and 
2  parts  of  oxalic  acid.  Neither  the  oxalic  acid  nor  the  Cr^O^ 
can  be  precipitated  from  this  salt  by  the  usual  tests.  Mafi- 
ganese  oxalate  (CO^^Mn  is  used,  mixed  with  drying  oils,  in 
the  manufacture  of  varnishes,  etc. 

130.  ^lalonlc  Acid.  —  Mai  on  ic  acid  CHJ^CO^H)^  is 
the  next  higher  homologue  of  oxalic  acid.  It  was  dis- 
covered in  1858  by  Dessaignes,  on  oxidizing  malic  acid 
CO^H'CH(pH)'CH^^C0JI\s'\\h.  potassium  bichromate  and 
sulphuric  acid.  It  occurs  as  calcium  salt  in  sugar  beets.  It 
is  usually  prepared  from  monochloracctic  acid  CH^CICO^H 
by  converting  it  into  the  potassium  salt,  and  boiling 
this  with  potassium  cyanide,  \vhcn  potassium  cyanacetate 
CH^{CN)'CO^K  is  formed.  This  is  boiled  with  potash, 
which  converts  it  into  potassium  malonate: 

The  excess  of  potash  is  neutralized  by  HC/j  and  calcium 
chloride  added,  which  precipitates  calcium  malonate;  by 
boiling  this  with  oxalic  acid,  the  calcium  is  left  as  oxalate, 
and  the  solution  deposits  tabular  crystals  of  malonic  acid. 

Malonic  acid  melts  at  132°,  and  crystallizes  in  triclinic 
plates.  It  is  easily  soluble  in  water  and  alcohol.  Above  its 
melting  point,  it  decomposes  into  CO^  and  acetic  acid. 

Barium  malonate  has  the  formula  (C JI ^ ^Ba,lH fi. 
The  calcium  salt  CJIfijCa.^lHfi  dissolves  with  difficulty  in 
cold  water.  The  silver  salt  C\Hfi^Ag^  is  a  white  crystal- 
line compound,  which  is  insoluble. 

131«  Succinic  Acids.  —  Succinic  acid  CJlJl^CO^lT)^ 
exists  in  two  modifications ;  namely, 

CO^H'  CH^ .  C//, .  COJI  CII, .  CH{  CO^  H\ 

ethylene  succinic  acid  ethyhdene  succinic  acid 

Ethylene  succinic  acid,  or  common  succini  j  acid,  may  be  pro- 
duced by  the  fermentation  of  tartaric  acid,  the  latter  acid  being 
considered  as  dihydroxysuccinic  acid  C,//,( (?//), (CO,//),, 
which  in  this  way  becomes  reduced  to  succinic  acid. 
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The  diluted  tartaric  acid  is  neutralized  with  ammonia,  and 
mixed  with  a  little  magnesium  sulphate,  potassium  phosphate, 
and  calcium  chloride,  these  three  compoimds  being  added  for 
the  purpose  of  serving  as  mineral  food  for  the  bacteria,  which 
cause  the  fermentation  and  which  soon  grow  if  the  flask  is  kept 
in  a  warm  room  (about  25°),  and  carefully  corked  to  exclude  air. 
The  fermentation  proceeds  slowly  but  steadily,  and,  after 
the  expiration  of  about  two  months,  the  ammonium  tartrate 
in  the  flask  has  been  converted  into  ammonium  succinate  and 
carbonate ;  this  mixture  is  boiled  to  expel  the  latter,  milk  of 
lime  is  added,  and  the  w^hole  is  again  boiled  as  long  as  AT/,  is 
expelled ;  the  calcium  succinate  is  then  decomposed  by  sul- 
phuric acid,  and  the  liquid  is  filtered  from  the  calcium  sul- 
phate and  evaporated  to  crystallization. 

Succinic  acid  forms  large  colorless  crystals,  which  remain 
unaltered  when  exposed  to  the  air,  but,  when  heated,  they 
bc^in  to  emit  vapors  at  1*^0°  and  to  fuse  at  180''.  At  235°, 
succinic  acid  boils  and  breaks  up  into  succinic  anhydride  and 
water,  according  to  the  equation : 

succinic  succinic 

acid  anhydride 

The  vapors  of  succinic  acid  provoke  coughing  in  a  remark- 
al)lc  (lcL;rcc,  thus  alTordin'^  a  sure,  but  rather  disagreeable, 
test  for  this  acid.  vSuccinic  acid  dissolves  in  20  parts  of  cold 
water  and  3  parts  of  liot  water;  it  is  moderately  soluble  in 
alcohol,  Init  only  sparini^ly  in  ether.  Fusion  with  KOH 
converts  it  into  potassium  carbonate  and  potassium  propio- 
nate, as  is  seen  from  the  etjuation: 

Calchoii  succinate  CJl^(CO.).,C(J  crystallizes  with  3  mole- 
cules of  water  from  a  hot  solution,  and  with  1  molecule  of 
water  from  a  cold  solution;  it  is  rather  sparingly  soluble  in 
water.  It  occurs  in  nature  in  the  hark  of  the  mulberry  tree. 
AVhen  ammonium  succinate  is  added  to  a  solution  containing 
a  ferric  salt,  all  the  inui  is  ])recipitatcd  as  a  reddish- brown 
Ihis'ic  ferric  succiiiiifc  /v.^(Cy//^,)J/^//).,  (used  in  analytical 
chemistry  in  the  separation  of  iron  from  aluminum). 
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Succinic  acid  is  manufactured  by  the  dry  distillation  of 
refuse  amber,  which  contains  it  ready  formed,  in  iron  retorts, 
and  by  purifying  the  solid  product  of  this  distillation. 

Malic  acid  is  hydroxysuccinic  acid,  and  is  reduced  by  fer- 
mentation to  succinic  acid.  Both  malic  and  tartaric  acids 
are  reduced  to  succinic  acid  by  the  action  of  hydriodic  acid. 
Succinic  acid  has  been  obtained  synthetically  by  boiling 
ethene  dibromide  with  potassium  cyanide  dissolved  in 
alcohol,  and  then  boiling  the  ethene  cyanide  thus  obtained 
with  A^O// dissolved  in  alcohol: 

(1)  C,HJW^^%KCN  =  CJ/SCN)^  +  'ZKBr 

(2)  C,HXCN\-\-%KOH-\-UIfi  =  C.^HXCC\K\^%NH^ 

Succinic  acid  is  always  produced  in  small  quantities  in  the 
fermentation  of  sugar,  and  is  consequently  always  to  be 
found  in  fermented  beverages,  such  as  wine  and  beer.  It 
occurs  in  unripe  grapes,  while  ripe  gra^xjs  contain  tartaric 
acid  (dihydroxysuccinic  acid).  It  occurs  in  various  plants, 
such  as  lettuce,  poppies,  wormwood,  etc.,  and  it  is  also  found 
in  the  urine  of  the  horse,  the  dog,  and  the  rabbit. 

Ethylidcne  succinic  acid,  or  is osiicci?iic  acid 
CH^'CH{COJ^)^,  which  is  isomeric  with  succinic  acid,  is 
obtained  by  boiling  with  potassium  hydrate  the  cyanide  of 
ethylidcne  C}l^'CH{CN)^.  It  crystallizes  in  needles,  fuses 
at  130*^,  and  is  more  soluble  in  water  than  succinic  acid. 

133.  Pypo tartaric  Acid. — Pyrotartaric  acid  CJiJ)^ 
exists  in  four  modifications;  namely, 

CH,  CH^'CO.H      CII,  CH^ 

CII'COJI      CH^  CII,  C{COJI\ 

I  I  I  I 

CH^co.H    cir^'Cojr    ch{coji\    ch^ 

pyrotartaric  acid,  glutaric  acid  cthylmalonic  dimethyl- 

or  acid  malonic 

methylsuccinic  acid  acid 

Methylsuccinic  acid  is  obtained  by  the  dry  distillation  of 
tartaric  acid  mixed  with  an  equal  weight  of  powdered  pumice 
stone.     The  distillate  is  mixed  with  water,  filtered  from  oily 


108  ORGANIC  CHEMISTRY.  §13 

matter,  evaporated  on  the  water  bath,  and  finally  crystallized 
from  alcohol. 

It  crystallizes  in  small  rhombic  prisms,  and  is  readily  sol- 
uble in  water,  ether,  and  alcohol.  It  melts  at  112°,  and, 
when  rapidly  heated,  it  is  resolved  into  water  and  methyl- 
succinic  anhydride : 

I  I 

CH'CO.H  =  H,0  +  CHCO  \ 

CH^CO.H  CH^'CO^ 

The  remaining  acids  of  this  series  are  not  of  sufficient 
technical  importance  to  warrant  their  description  here;  the 
names  and  sources  of  the  most  important  among  the  great 
many  isomerides  will  be  found  in  Table  12. 


DIBASIC  ACIDS  FROM  OLEFIXE  HYDROCARBONS. 

13«{.  Fiiniarlc  Series. — The  acids  of  this  series  are 
imsaturatcd  acids;  their  general  formula  may  be  repre- 
sented as  C^JI^,^_.XCOJf).^,  and  they  are  capable  of  taking 
up  2  atoms  of  bromine  to  become  dibromo  derivatives  of 
the  acids  of  the  prccedin<^  series. 

Fiimaric  acid  is  the  first  acid  of  this  series,  its  formula  is 
CJf^{COJ[)^,i\n(\  mi<^ht, consequently,  exist  in  two  modifica- 
tions; namely,  COJICH',  CH-COJI^xi^  CH^  :  C{CO^H\. 
Fumaric  acid  and  malcic  acid  have  exactly  the  same  compo- 
sition and  molecular  formula,  but  there  is  not  sufficient  evi- 
dence  to  show  that  these  two  acids  are  position  isomerides; 
they  appear  rather  to  be  stcrco-isomerides. 

134.       Fumarle    Acid.  —  Fumaric    acid    C^HJ^CO^H), 

exists,  in  the  free  state,  in  many  plants,  in  Iceland  moss,  in 
Fuiiiaria  ojficifialis  (common  fumitory),  and  in  some  fun^a. 
It  is  prepared  by  hcalinii^  malic  acid  strongly  as  long  as  water 
distils  over: 

CJI,{OfI){COjr\  =  C\HlCOJI\  +  Hp 
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The  residue  is  treated  with  cold  water  to  extract  unaltered 
malic  acid,  and  the  fumaric  acid  is  obtained  by  crystallization 
from  either  hot  water  or  alcohol.  When  heated  to  200°,  it 
partly  sublimes  undecomposed  and  the  rest  decomposes  into 
water  and  maleic  anhydride.  If  fumaric  acid  is  heated  to 
about  150°  with  a  large  excess  of  water,  it  is  reconverted  into 
malic  acid. 

The  fumarates  of  barium^  calcium^  and  lead  are  sparingly 
soluble;  the  silver  salt  C^Hfi^Ag^  is  very  insoluble  and 
explodes  when  heated. 

135.  Maleic  Acid. — Maleic  acid,  which  is,  as  has  been 

already  stated,  isomeric  with  fumaric  acid,  may  be  prepared 

by  the  rapid  heating  of  malic  acid,  or  by  the  action  of  PCl^ 

on  the  same  acid,  and  in  various  other  ways.     Maleic  acid 

crystallizes  in  large  prisms  or  plates,  is  very  easily  soluble  in 

cold  water,  and  possesses  a  peculiar,  disagreeable  taste.     The 

crystals  melt  at  130°,  and  boil  at  160°  with  decomposition 

H'  C'  CO. 
into  maleic  anhydride,         II  )0 

H'C'CO^ 

Its  silver  salt  CJI^O^Ag^  is  a  finely  divided  precipitate, 
which  gradually  changes  into  large  crystals.  Its  barium 
salt  C^Hfi^Ba^Aq  is  soluble  in  hot  and  cold  water  and  crys- 
tallizes well. 

136.  In  order  to  be  able  to  form  a  tangible  idea  of,  and 
to  account  for,  the  isomerism  between  fumaric  and  maleic 
acids,  it  is  assumed  that  the  CO^H  groups  arc  differently 
situated  with  regard  to  a  plane  drawn  through  the  two 
nuclear  carbon  atoms  of  the  molecule.  On  the  plane  of  the 
paper,  the  assumed  difference  may  be  represented  by  the 
two  formulas : 

HC'CO^H  H'C'CO.H 

II  and  II 

H'CCOJf  CO^H'C'H 

The  first  of  these  two  formulas  is  known  as  the 
plane- symmetrical^  or  cis^  formula,  while  the  second  is 
called  the  axial'Syminetrical,  ccntri'Symmctrical^  or  trans. 
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formula.   Since  maleic  add  veiy  readily  forms  an  anhydride, 

H'CCO\ 

II        yO^  it  may  be  supposed  to  have  the  first  formula, 

HCCOr 

because  the  formation  of  an  anhydride  would  occur  the  moce 
easily  the  nearer  the  CO^H  groups  are  to  each  other.  Many 
cases  of  stereo-isomerism  are  believed  to  be  explicable  by 
formulas  resembling  those  given  above,  so  that  the  expres- 
sions ntaleinoid  and  fumaroid  structure  are  frequently  used 
It  was  shown  in  Art.  79,  Organic  Chemistry^  Part  1,  that 
doubly  linked  carbon  atoms  might  be  supposed  to  occupy 
each  the  center  of  a  tetrahedron,  which  tetrahedni  have  one 
edge  in  common.  When  maleic  acid  is  treated  vrith  HBr^ 
the  double  linking  is  opened  up,  a  change  that  may  be  pre- 
sented thus: 

H'  C-  CO^H  BrH :  C-  COJt 

II  +  HBr  =  I 

//.  C.  COJtl  HH  :  C'  COJt 

The  formula  of  this  bromo-sucdnic  acid  must  be  regarded 
as  formed  of  two  tetrahedra  with  a  solid  angle  in  common 
(sec  Fig.  26,  Organic  Chcviistry^  Part  1).  It  is  assumed 
that  tetrahedra  having  one  edge  in  common  cannot  rotate 
witli  regard  to  one  another,  but  that  those  having  only  a 
solid  an^lc  in  common  can  rotate  in  this  manner.  Now,  if 
this  is  the  case,  the  bromo-siiccinic  acid  shown  above  may 

COJI'C\IIBr 
rotate  and  become  I  rather  than  remain  as  pre- 

ini\CCOJI 
vioiisly  represented,  because  the  radicals  COJioxviS,  //and 
Br  may  Ix)  expected  to  attract  one  another.  By  treating  this 
bromo-succinic  acid  with  alkalies,  it  is  possible  to  remove  HBf 
from  it,  and  if  this  is  done,  the  acid  that  remains  should  be 
fumaric  acid,  not  maleic  acid.  This  is  actually  found  to  be 
the  case,  so  that  the  formula  given  above  for  fumaric  acid  is, 
to  some  extent,  confirmed. 

137.  As  is  seen  from  Table  13  there  are  three  isomeric 
acids  having  the  formula  CJIJ^COJI)^\  namely,  itaconic^ 
citraconic^  and  mcsaconic  acid. 
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Itaconic  and  citraconic  acids  are  formed  by  the  action  of 
heat  on  citric  and  aconitic  acids;  they  both  are,  by  dehy- 
dration, converted  into  citraconic  anhydride.  Citraconic 
acid  is  converted  into  mesaconic  acid  when  it  is  boiled  with 
dilute  nitric  acid,  or  when  heated  to  100°  with  concentrated 
hydrochloric  acid.  The  three  acids,  itaconic,  citraconic,  and 
mesaconic,  are  unsaturated  and  can  combine  with  nascent 
hydrogen,  forming  pyro tartaric  acid: 

Itaconic  acid  crystallizes  in  rhombic  octahedrons,  dis- 
solves in  17  parts  of  water  at  10°,  melts  at  161°,  and  is 
resolved  by  distillation  into  water  and  citraconic  anhydride. 

Citraconic  acid  crystallizes  in  four-sided  prisms  which 
melt  at  80°.  It  is  much  more  soluble  in  water  than  itaconic 
acid,  and  deliquesces  on  exposure  to  the  air.  Its  anhydride 
C^Hfi^  forms  an  oily  liquid,  which  readily  recombines  with 
water  to  form  the  acid. 

Mesaconic  acid  forms  shining  prisms,  which  are  only 
sparingly  soluble  in  cold  water.  It  melts  at  208°  and  sub- 
limes without  decomposition. 

The  isomerism  of  citraconic  and  mesaconic  acids  is 
analogous  to  that  of  maleic  and  f  umaric  acids. 


I>IBASIC  ACIDS  FROM  HYDROCARBONS  CONTAINING  A 

BKNZENK  NUCLEUS. 

138.  These  acids  are  obtained,  as  their  class  name 
indicates,  from  benzene  hydrocarbons.  Thus,  the  most 
important  of  these  acids,  phthalic  acid  CJfJl^CO^H)^,  may 
be  prepared  by  the  oxidation  of  one  of  the  three  xylenes 

139.  Phthalic  Acids.— Phthalic  acid  C^H^COJI)^  is 
formed  by  the  action  of  nitric  acid  on  naphthalene,  or 
naphthalene  tetrachloride.  It  crystallizes  in  brilliant  scales 
or  in  short,  thick  prisms,  which  are  only  slightly  soluble 
in  cold  water,  but  readily  dissolve  in  hot  water,  alcohol. 
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and  ether.     It  fuses  at  185°,  and  is  resolved  at  a  higher 
temperature  into  water  and  phthalic  anhydride  CJtIJD^\ 

phthalic  anhydride 

When  heated  with  an  excess  of  calcium  hydrate,  phthalic 
acid  is  decomposed  into  2  CO,  and  benzene,  but  when 
exactly  2  molecules  of  it  are  heated  with  1  molecule  of 
Ca{OH)^^  it  yields  calcium  benzoate: 

Chromic  acid  oxidizes  phthalic  acid  completely  into  CO^ 
and  //,a 

Barium  chloride  added  to  a  solution  of  ammonium  phthalate 
precipitates  barium  phthalate  C ^H fi fia^  which  is  only  very 
slightly  soluble  in  water. 

Phthalic  acid  is  found  among  the  products  of  oxidation  of 
alizarine  and  purpurine  with  nitric  acid,  as  is  seen  from  the 
subjoined  equations : 

alizarine  phthalic  oxalic 

acid  acid 

!)hthalic  oxalic 

Isopliihalic  acid,  or  l:3-phthalic  acid,  crystallizes  in 
necdlc-sha|X3d  crystals.  It  is  soluble  in  hot  water  and 
sparingly  soluble  in  cold  water.  It  yields  no  anhydride 
when  heated,  but  sublimes  unchanged.  Its  barium  salt 
dissolves  easily  in  water,  so  that  the  acid  is  not  precipitated 
by  barium  chloride  from  the  solution  of  its  ammonium  salt, 
which  distinguishes  it  from  its  two  isomerides. 

TcrcpJiihalic  acid,  or  l:4-phthalic  acid,  is  difficult  to 
cPy'stallize,  and  is  generally  obtained  as  a  white  powder.  It 
is  insoluble  in  water,  so  that  it  is  p'-ecipitated  from  its 
solution  in  alkali  by  adding  acid.  The  hariiim  phthalaU 
is  only  sparingly  soluble.  This  acid  does  not  yield  an 
anhydride. 
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These  differences  in  the  properties  of  the  three  different 
phthalic  acids  are  of  importance,  as  the  production  of  one  or 
the  other  frequently  helps  to  decide  the  constitution  of  a 

benzene  derivative. 

CO 
Phthalic  anhydride  CJi^<^Q>0  is  obtained  by  boiling 

phthalic  acid,  as  has  been  previously  mentioned.  It  forms 
long  shining  needles,  which  fuse  at  15^8°  and  boil  at  284°. 
Phthalic  anhydride,  when  heated  with  phenols,'  combines 
with  them  directly,  with  the  elimination  of  the  elements  of 
water,  and  compounds  are  obtained  that  are  designated  as 
phthaleins. 

Thus,  when  phthalic  anhydride  is  heated  with  ordinary 
phenol,  2  molecules  of  phenol  combine  with  1  molecule  of 
phthalic  anhydride,  1  molecule  of  water  is  expelled,  and 
phthalein  of  phenol  \^  obtained: 

C,H^<^^>0+2Cjr^0H=  CJI,,0,  +  H,0 

phthalic  anhydride        phenol  pf  thakin 

Phthalic  anhydride  is  used  in  the  preparation  of  rosin 
dyes,  which  will  be  treated  of  later  in  the  Course. 

140.  By  treating  phthalic  acids  with  nascent  hydrogen, 
a  large  number  of  hydrogen  addition  products,  hydrophthalic 
acidSy  e.g.,  CJi^'H^\COOH)^,  has  been  obtained.  These 
acids  are  remarkable  for  the  numerous  cases  of  isomerism 
they  exhibit,  the  cause  of  which  has  been  traced  to  the 
existence  of  cis  and  traits  forms,  as  in  the  case  of  maleic 
and  fumaric  acids,  and  also  to  the  different  positions  of  the 
double  linking  between  the  carbon  atoms  of  the  benzene 
nucleus;  thus,  the  two  following  dihydroterephthalic  acids 
are  found  to  be  isomeric : 

and  CO,HC^^^j^^^lfy,CCO,H 

The  nomenclature  used  to  express  this  isomerism  is  the 
insertion  of  the  symbol  a  before  the  number  of  that  carbon 


114  ORGANIC  CHEMISTRY.  §  13 

atom  which  is  doubly  linked  to  the  one  following  it;  thus, 
A  2  would  imply  a  benzene  ring  in  which  carbon  atom  No.  2 
is  doubly  linked  to  carbon  atom  No.  3.  The  formulas  given 
above  are,  according  to  this  nomenclature,  given  as  follows: 
A3,  C  dihydroterephthalic  acid,  and  a4,  6  dihydroterephthalic 
acid,  respectively; 

141.  Isouvitic  acid  C^H^\CO^H\  is  obtained  by  fusing 
gamboge  (a  gum  resin)  with  potash.  It  cr}''stallizes  in  slender 
needles,  which  fuse  at  287°.  It  is  sparingly  soluble  in  hot 
water,  but  dissolves  readily  in  alcohol  and  in  ether. 

Cumldlc  acid  C,//,(C//,),(  O^H)^  is  prepared  by  boiling 
diircnc  CJI^{CH^^  with  dilute  nitric  acid.  It  crystallizes  in 
long  transparent  prisms;  it  is  sparingly  soluble  in  water,  but 
dissolves  readily  in  alcohol. 

Cumylic  acid  CJIJ^CH^^-COJi  is  formed  at  the  same 
time  as  cumidic  acid.  It  fuses  at  150°  and  sublimes  in 
needles,  while  cumidic  acid  d(X3S  not  fuse  and  sublimes  in 
.scales. 

14*-i.  l>lbaslc  Hydroxy  Acids. — The  acids  of  this  scries 
may  be  n\i^ardcd  as  oxidation  products  of  diprimary  poly- 
hydric  alcohols,  or,  in  the  case  of  those  having  a  benzene 
nucleus,  as  dicarboxylic  acids  from  phenol. 

143.  Tarlronic  Acid. — Tartronic  acid,  or  liydroxy- 
malonic  acid  CIl[0!f){COJI),^^  is  formed  by  the  action  of 
nascent  hvdro'^en  on  mesoxalic  acid: 

C0{C0Jf),  +  2//  =  CIf{OJr){CC\H\ 

mesoxalic  acid  tartronic  acid 

It  is  also  obtained  by  spontaneous  decomposition  of  dinitro- 
tartaric  acid,  when  its  aqueous  solution  is  left  to  evaporate, 
the  decomposition  being  attended  with  the  evolution  of 
carbon  dioxide  and  nitroiifcn  trioxide: 

cji,(0XL\).iC0jr)^  =  c//io/i)(Cojj),+co,+N,o, 

dinitrotartaric  acid  tartronic  acid 

This  acid  forms  lar^"e  prismatic  cr^^stals,  which  are  easily 
soluble  in  water,  alcohol,  and  ether.     The  cr}''stals  melt  at 
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175°,  and  are  resolved,  at  a  higher  temperature,  into  carbon 
dioxide,  water,  and  glycollidc  C,//,(7„  which  is  an  amorphous 
substance,  and  an  anhydride  of  glycoUic  acid. 

144.  Malic  Acid. — Malic  acid,  or  hydroxysticcinic  acid 
C^Hjl^On){CO^H)^y  is  one  of  the  chief  natural  vegetable 
acids,  and  was  first  extracted  by  Scheele,  in  1785,  from  apple 
juice.  It  is  mostly  prepared  from  the  unripe  berry  of  the 
moimtain  ash.  The  juice  of  these  berries  is  extracted  by 
pressure,  boiled,  filtered,  and  neutralized  with  milk  of  lime. 
Calcium  malate  is  deposited,  which  is  converted  into  the 
acid,  or  hydrocalcium,  malate  by  being  dissolved  in  hot  nitric 
acid  diluted  with  ten  times  its  weight  of  water;  on  cooling 
hydrocalcium  malate,  [C^H^{OII){CO,H)'CO,\Ca,SA^  crys- 
tallizes  out.  This  is  converted  into  malate  of  lead  by  decom- 
position with  lead  acetate.  The  precipitated  lead  malate  is 
suspended  in  pure  water  and  decomposed  by  hydrogen  siil- 
phide,  when  J^dS  is  precipitated  and  malic  acid  is  found  in 
solution.  The  liquid  is  at  last  filtered  and  the  acid  obtained 
by  evaporation. 

Malic  acid  crystallizes  in  little  needles  grouped  in  roimded 
grains,  which  deliquesce  when  exposed  to  the  air.  It  fuses 
at  100°,  and,  at  a  higher  temperature,  yields  a  feathery  sub- 
limate of  maleic  and  fumaric  acids  and  of  malcic  anhydride. 
When  boiled  for  a  considerable  time  with  hydrochloric  acid, 
it  is  converted  into  fumaric  acid  and  water.  Hydriodic  acid 
reduces  it  to  succinic  acid : 

Oxidation  by  chromic  acid  converts  malic  acid  into  malonic 
acid. 

Malic  acid  presents  three  isomeridcs.  Their  solutions  have 
a  sour  taste;  one  of  them,  the  natural  acid,  rotates  the  plane 
of  polarized  light  to  the  left,  another  to  the  right,  and  the 
third  is  optically  inactive.  They  arc  identical  in  structure 
and  must  be  regarded  as  stereo-isomeric. 

146.  Tartaric  Acid. — Tartaric  acid,  or  dihydroxysnc- 
cintc   acid   COJI-CHOFLCIIOH-COJI,    or    C//.(9.,    or 
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CMJiOH)Jl^CO^H)^^  is  one  of  the  most  widely  distributed 
vegetable  acids.  It  was  discovered,  like  malic  acid,  by 
Scheele,  in  17G9,  in  the  tar  tar  ^  or  argol^  which  is  deposited 
in  casks  in  which  wine  has  been  stored.  It  is  mostly  pre- 
pared from  the  purified  tartar,  known  as  cream  of  tartar, 
which  is  hydropotassiiim  tartrate.  The  hydropotassium  tar- 
trate is  dissolved  in  boiling  water,  and  powdered  chalk  is 
added  as  long  as  effervescence  is  produced,  or  as  long  as  the 
liquid  exhibits  an  acid  reaction;  calcium  tartrate  and  potas- 
sium tartrate  arc  thereby  produced,  and  the  latter  is  separ- 
ated from  the  former,  which  is  insoluble  in  water,  by  filtra- 
tion. The  solution  of  potassium  tartrate  is  then  mixed  with 
excess  of  calcium  chloride,  which  precipitates  all  the  remain- 
ing potassium  tartrate  in  the  form  of  calcium  salt;  this  is 
washed  and  added  to  the  former  portion,  and  the  whole  is 
digested  with  a  sufficient  quantity  of  dilute  sulphuric  acid 
and  heated,  when  calcium  siilphate  is  precipitated,  and  the 
tartaric  acid  is  obtained  by  evaporating  the  filtered  sohi- 
tion.  The  crude  acid  thus  obtained  is  dissolved  in  water, 
decolorized  by  animal  charcoal,  and  recrystallized ;  a  little 
sulphuric  acid  is  most  always  added,  in  order  to  promote 
the  formation  of  large  crystals.  The  following  equations 
represent  the  various  stages  in  the  manufacture  of  the  acid: 

(1)  'lCJIp,KII+CaCO, 

=  CJIpJ<^  +  CJIS\Ca  +  II, O^  CO, 

{i)  Cjrpj<„.  +  CaCI,  =  CJIS\Ca-^%KCl 

(:i)        CJI,L\Ca  +  II,SL\  =  CJIfiJI,  +  CaSO, 

Tartaric  acid  forms  colorless,  transparent  prisms,  which 
arc  very  often  of  quite  considerable  size  ;  they  are  ]X)rma- 
iicnt  in  air,  odorless,  and  dissolve  readily  in  water,  either 
cold  or  hot,  and  in  alcohol.  The  solution  of  tartaric  acid 
reddens  litmus  strongly  and  has  a  pure  acid  taste.  When 
crystallized  tartaric  acid  is  rapidly  heated  to  170°,  it  fuses 
and  becomes  an  amorphous,  deliquescent  mass  of  vietaiar- 
taric  acid,  which  is  isomeric  with  it.  At  145°,  it  becomes 
tartralic  acid  CJI^^O^^,  2  molecules  of  the  acid  having  lost  a 
molecule  of  water  ;  at  180°,  it  yields  tart  relic  acid  C^H^O^^ 
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and  tartaric  anhydride^  which  is  isomeric  with  it.  All  these 
compounds  may  be  readily  reconverted  into  tartaric  acid  by 
digestion  with  water.  On  further  heating,  it  undergoes 
destructive  distillation,  yielding  acetic ^  pyroracemic  CJifi^^ 
pyrotartaric  C^Hfi^,  pyrotritartaric  C^Hfi^^  and  formic 
acids y  together  with  dipyrotetracetone  C^H^fi^^  which  is  char- 
acterized by  its  peculiar  odor,  closely  resembling  that  of 
burned  sugar. 

Fused  ATO// converts  tartaric  acid  into  acetate  and  oxalate. 
When  distilled  with  sulphuric  acid  and  MnO^  or  K^Cr^O^y  it 
yields  formic  acid  and  CO^,  and  when  boiled  with  nitric  acid, 
it  is  converted  into  oxalic  acid. 

When  a  strong  aqueous  solution  of  hydriodic  acid  and 
tartaric  acid  are  heated  together  to  ]"20°  in  a  closed  tube,  the 
tartaric  acid  is  reduced  to  malic  acid,  and  the  latter  in  its 
turn  to  succinic  acid,  as  is  seen  from  the  two  equations : 

C,Hj,OH\(COJI\-\-^n{  =  C,//,(Of/)iCO,f/),+H,0+/, 

tartaric  acid  malic  acid 

C,//,{0H){C0,H),  +  2H/-  =  CJ/,{CO,f/\  + //,0  +  r, 

malic  acid  succinic  acid 

Conversely,  tartaric  acid  may  be  produced  synthetically 
from  dibromo-succinic  acid. 

Tartaric  acid  is,  as  has  been  previously  stated,  one  of  the 
most  important  vegetable  acids,  and  it  occurs  in  most  fruits, 
closely  associated  with  malic  acid.  Tartaric  acid  is  a  dibasic 
acid,  and  forms  a  potassium  salt,  which  is  remarkable  for 
being  sparingly  soluble,  and  which  is  precipitated  in  minute 
crystals  when  almost  any  salt  of  potassium  is  added  to  tartaric 
acid  and  stirred  with  a  glass  rod.  The  natural  tartaric  acid, 
just  described,  is  dextrorotary. 

146«  Tartrates. — Hydropotassium  tartrate  HKC^H^O^ 
is  commonly  known  as  cream  of  tartar.  It  is  prepared  by 
recrystallizing  argol  from  hot  water,  which  dissolves  about 
^  of  its  weight,  but  only  retains  ■^\^  on  cooling.  It  forms 
irregular  groups  of  small,  translucent,  or  transparent,  pris- 
matic crystals,  which  grate  between  the  teeth.  It  has  a 
decidedly  acid  reaction  and  a  sour  taste.     When  heated,  it 
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evolves  a  characteristic  smell  of  burned  sugar,  and  leaves  a 
residue  consisting  of  a  mass  of  black  charcoal  mixed  with 
potassium  carbonate.  It  is  nearly  insoluble  in  alcohol, 
which  precipitates  it  from  its  aqueous  solution,  which 
explains  its  separation  from  the  grape  juice  ;  as  the  propor- 
tion of  alcohol  increases  while  the  process  of  fermentation  is 
going  on.  It  dissolves  readily  in  acids  and  in  alkalies,  which 
convert  it  into  normal  potassium  tartrate  K^C^H^O^.  Potas- 
sium sodium  tartrate  KNaC ^H fi ^^\Aq\^  much  used  in  medi- 
cine as  a  purgative;  it  was  discovered  in  1G72  by  Seignette, 
a  pharmacist  of  Rochelle,  hence,  it  is  often  called  RochelU 
salt  or  Seignette  salt.  It  is  prepared  by  neutralizing  a  boil- 
ing solution  of  cream  of  tartar  with  sodium  carbonate,  and 
evaporating  this  solution.  On  cooling,  the  double  salt  is 
obtained  in  fine,  rhombic  prisms.  It  has  a  mild  saline  taste. 
Calcium  tartrate  CaC ^H jO ^,\Aq  occurs  in  grape  and  senna 
leaves.  It  is  only  sparingly  soluble  in  water,  and  precipi- 
tates when  CaCl^  is  added  to  an  ammoniacal  solution  of  a 
tartrate.  Cupric  tartrate  CuC^Hfi^^ZAq  is  sparingly  soluble 
in  water,  but  dissolves  in  alkalies  to  a  deep-blue  solution,  in 
which  2  atoms  of  the  alkali  metal  have  displaced  2  atoms  of 
hydrooj-cn.  This  alkaline  cupric  solution,  generally  known 
as  FcJilings  solution^  is  frequently  used  in  analytical  chem- 
istry for  the  detection  of  sugar.  Silver  tartrate  AgjCJifi^ 
is  precipitated  by  silver  nitrate  from  a  normal  tartrate,  and 
the  solution  deposits  metallic  silver  when  heated.  PotiU- 
Slum  antiinonyl  tartrate  K{ShO)C^Hfi^,  or  tartar  eynetic, 
is  readily  prepared  by  boiling  antimony  trioxide  in  a  solution 
of  cream  of  tartar  ;  it  is  deposited  from  a  hot  and  qoncen- 
t rated  solution  in  rhombic  prisms,  which  dissolve,  without 
bein.cf  decomposed,  in  15  parts  of  cold  water  and  3  parts  of 
boiling  water,  and  have  an  acrid,  disagreeable,  metallic  taste. 
The  solution  is  decomposed  by  both  acids  and  alkalies,  the 
former  preeipitate  a  mixture  of  cream  of  tartar  and  antimony 
trioxide,  and  the  latter  precipitate  the  trioxide,  which  is 
again  dissolved  by  <^reat  exeess  of  the  reagent.  Hydrogen 
sulphide  se])arates  all  the  antimony  as  antimony  trisulphide. 
Dry  pcHassiuni  antimonyl  tartrate  heated  with  the  blowpipe 
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on  charcoal,  yields  a  bead  of  metallic  antimony.  The  crystals 
of  potassium  antimonyl  tartrate  have  the  composition 
%K {SbO)C JI jO ^yAq^  the  group  SbO  acting  as  a  univalent 
radical,  and  replacing  1  atom  of  hydrogen.  When  dried  at 
100°,  these  crystals  cast  off  their  water  of  crystallization,  and 
at  200°  an  additional  molecule  of  water,  leaving  the  com- 
pound K{SbO)C^H^O^,  which  has  the  constitution  of  a  salt 
of  tartrelic  acid;  but  when  dissolved  in  water,  the  cr}'stals 
again  take  up  the  elements  of  water,  and  reproduce  the 
original  salt 

147«  Racemic  acidy  isomeric  with  tartaric  acid,  was  dis- 
covered in  1822  by  Kestner,  and  has  been  thoroughly  investi- 
gated by  Berzelius  and  Pasteur.  It  is  prepared  by  heating 
tartaric  acid  with  one-tenth  of  its  weight  of  water  in  a  sealed 
tube  at  175°  for  about  half  an  hour.  It  is  distinguished  from 
tartaric  acid  by  the  form  of  its  crystals,  which  are  triclinic 
prisms,  by  having  1  molecule  of  water  of  crystallization,  and 
by  being  much  less  soluble  in  water  and  less  easily  fusible. 
Moreover,  it  does  not  change  the  plane  of  polarized  light, 
while  tartaric  acid  is  dextrorotar}%  The  solution  of  racemic 
acid  precipitates  solutions  of  sulphate,  nitrate,  and  chloride 
of  calcium,  a  property  that  tartaric  acid  does  not  possess. 
Racemic  acid  is  found  mixed  with  tartaric  acid  extracted 
from  certain  samples  of  argol,  and  its  crystals  may  be  dis- 
tinguished from  those  of  tartaric  acid  by  the  cloudy  appear- 
ance they  assume  at  100°,  due  to  the  loss  of  their  water  of 
crystallization. 

148«  Calcium  racemate  CaCJ1JD^^\Aq  differs  from 
calcium  tartrate  in  being  insoluble  in  acetic  acid  and  only 
difficultly  soluble  in  ammonium  chloride.  HydropotassUun 
racemate  is  more  soluble  than  cream  of  tartar.  Sodium- 
'immonium  racemate  NaNH ^CJI fi^  has  the  same  crystalline 
form  as  the  corresponding  tartrate,  but  while  the  crystals  of 
the  latter  compound  are  exactly  alike,  the  crystals  of  the 
former  compound  show  certain  irregularities,  that  is,  they 
iiffer  from  one  another  in  the  position  of  certain  imsym- 
netrical  faces,  which  faces  occupy,  in  different  crystals  of 
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the  racemate,  not  similar,  but  opposite  portions,  the  one 
kind  of  crystal  being,  as  it  were,  the  reflected  image  of  the 
other.    The  two  different  crystals  are  shown  in  Fig.  10,  and 
they  are  said  to  be  eHantiomor- 
pkous.      When  these  crystals  are 
picked  out,  and  each  class  separ- 
ately dissolved  in  water,  soluti<»5 
are  obtained,  which,  at  the  same 
degree    of    concentration,    exert 
equal  but  opposite  action  on  polar- 
ized light,  the  right-handed  ciystals 
(a)  deflecting  the  planes  .of  ptdari- 
zation  to  the  right,  and  the  left- 
handed  crystals  (J)  deflecting  an  equal  amount  to  the  left 

Furthermore,  the  solutions  of  right-handed  crystals  when 
evaporated  yield  right-handed  crystals  only,  while  by  tbe 
evaporation  of  a  solution  of  left-handed  crystals  new  left- 
handed  crystals  only  are  obtained;  by  mixing  the  solutions 
of  these  two  varieties  of  crystals  with  calcium  chloride, 
calcium  salts  are  obtained,  which,  when  decomposed  by 
sulphuric  acid,  yield  acids  that  agree  with  each  other  in 
composition  and  in  all  other  respects,  except  that  their 
crystalline  fomiscxhibit  the  previously  mentioned  difference, 
and  their  solutions,  when  brought  to  the  same  degree  of 
concentration,  exert  equal  and  opposite  effects  on  polarittd 
lijfht.  One  of  these  solutions,  in  fact,  is  dextro- tartaric  acid, 
while  the  other  is  Icvo- tartaric  acid;  and,  if  equal  weights  of 
dextro- tartaric  and  Icvo-tartaric  acids  in  solution  are  mixed, 
heat  is  evolved.  The  mixture  loses  its  entire  effect  on 
polarized  light  and  is  in  every  resixjct  identical  with  racemic 
acid. 

149.  Alcsotartaric,  or  inactive  tartaric,  acid  is  isomeric 
with  tartaric  acid,  and  while,  like  racemic  acid,  optically 
inactive,  it  has  properties  different  from  those  of  racemic 
acid.  It  is  most  easily  prepared  by  heating  ordinary  tar- 
taric acid  with  a  little  water  in  a  scaled  tube  at  166'  for 
4S  hours.     The  mass  is  dissolved  in  water,  when  racemic 
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acid  crystallizes  out  first.  The  unaltered  tartaric  acid  is 
precipitated  as  hydropotassium  tartrate,  thus  leaving  the 
more  soluble  mesotartrate  in  solution.  Mesotartaric  acid 
crystallizes  in  rectangular  tables  with  1  molecule  of  water  of 
crystallization.  It  is  more  soluble  than  racemic  acid  and 
rather  less  than  ordinary  tartaric  acid.  Neither  the  normal 
nor  the  hydropotassium  salts  crystallize. 

Calcium  mesotartrate  CaC^Hfi^^ZAq  is  at  first  a  floccu- 
lent  precipitate,  which,  however,  soon  becomes  crystalline. 
Free  mesotartaric  acid  is  not  precipitated  by  calcium  sulphate. 
When  heated  to  170°,  it  is  converted  into  dextro- tartaric  acid. 

150.  We  have  studied,  in  the  preceding  articles,  four 
varieties  of  tartaric  acid,  which  are  sterco-isomcric  to  one 
another.  If  we  consider  carefully  what  has  been  said 
concerning  stereo- isomerism  in  Art  111,  we  are  well  able 
to  account  for  the  existence  of  a  dextro-,  a  levo-,  and  an 
optically  inactive  tartaric  acid,  by  the  presence  of  an  asym- 
metric carbon  atom ;  but  the  existence  of  a  fourth  variety, 
i.  e.,  a  second  inactive  acid,  requires  further  explanation, 
which  may  here  be  given. 

A  great  number  of  exp)eriments  have  proved  beyond  any 
doubt  that,  according  to  whatever  method  tartaric  acid  is 
synthetically  prepared,  only  the  inactive  but  never  the  active 
forms  of  the  acid  have  been  obtained.  This  seems  reasona- 
ble on  the  theory  that  the  inactive  form  consists  of  an  equal 
number  of  molecules  of  dextro-  and  lovo- forms,  for  it  is  an 
equal  chance  whether  the  clockwise  form  or  the  anticlockwise 
form  be  produced,  so  that  both  forms  are  produced  in  equal 
amounts  and  the  resulting  compound,  consequently,  is  inact- 
ive. It  may,  in  fact,  be  considered  as  a  general  rule,  that 
all  artificial  compounds,  i.  e.,  compounds  synthetically  pro- 
duced, are  optically  inactive. 

We  have  seen  in  Art.  146  that  racemic  acid  can  be  split 
up  into  the  dextro-  and  Icvo-acids,  but  the  other  inactive 
variety,  mesotartaric  acid,  cnnnot  be  so  split  up.  From 
these  facts  the  conclusion  has  been  drawn  that  racemic  acid 
is  composed  of  an  equal  number  of  molecules  of  dextro-  and 
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soluble  than  the  normal  salt.  By  boiling  mucic  acid  with 
water  for  some  time,  it  is  converted  into  paramucic  acid^ 
which  is  isomeric  with  it,  but  is  more  readily  soluble  in  alco- 
hol. Hydriodic  acid  reduces  saccharic  and  mucic  acid  to 
adipic  acid: 

153.  Pyromucic  acid^  also  known  as  fur  fane  monocar- 
boxy  lie  acid  C^HfiCO^H^  is  produced  by  the  dry  distilla- 
tion of  mucic  acid,  or  by  boiling  furfurol  with  water  and 
recently  prepared  silver  oxide ;  the  silver  is  precipitated  by 
hydrochloric  acid,  the  filtrate  evaporated,  and  the  pyro- 
mucic  acid  that  is  thus  obtained  purified  by  recrystallizatioB 
from  alcohol.  Pyromucic  acid  forms  prismatic  crystals, 
which  are  easily  soluble  in  hot  and  cold  water,  and  sparingly 
soluble  in  alcohol.  It  melts  at  134°,  and  may  be  sublimed. 
The  pyromucates  are  very  soluble. 

154.  Meeonlc  Aelcl. — Meconic  acid,  or  hydroxy pyrone 

/^ij   . CiCO  M\ 

dicarboxylic  acid  C0<^. ^~T~_  /-if-AiiY^^y  '^  one  of  the 

more  important  constituents  of  opium,  from  which  it  may 
be  extracted  by  diicestin^  opium  with  hot  water,  neutrali- 
zing the  solution  with  calcium  carbonate,  and  adding  calcium 
chloride,  which  precipitates  calcium  vuconatc  HCaC^HO,,Aq, 
from  which  meconic  acid- may  be  obtained  by  dissolving  the 
salt  in  hot  hydrochloric  acid,  whcrefrom,  on  cooling,  the 
acid  crystallizes  out.  It  crystallizes  in  mica-like  plates,  and 
is  easily  soluble  in  boiling  water,  but  only  difficultly  soluble 
in  cold  water.  The  crystals  of  meconic  acid  give  off  their 
water  of  cr}"stallization  when  heated  to  100°,  and  the  dehy- 
drated acid  melts  at  loC^.  A  solution  of  meconic  acid  gives 
a  fine  red  color  with  ferric  chloride,  which  is  not  bleached 
by  mercuric  chloride. 

155.  Conionlc  add  CJf^O^  is  a  decomposition  product 
of  meconic  acid,  beinj^-  obtained  w'hen  an  aqueous  or  a 
hvdrochloric-acid  solution  of  meconic  acid  is  boiled,  carbon 
dioxide  being  evolved;  the  remaining  solution  contains  the 
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comenic  acid,  which,  being  only  very  difficultly  soluble  in 
water,  readily  crystallizes  out  on  cooling. 

156.  Chelldonlc  acid  C^Hfi^^  which  is  closely  related 
to  meconic  acid  by  its  composition  and  origin,  occurs  as  cal- 
cium salt,  together  with  malic  and  fumaric  acids,  in  celan- 
dine {Chelidonium  majus),  a  plant  that  belongs  to  the  same 
botanical  order  as  the  opium  poppy,  which  yields  the  meconic 
acid.  It  is  prepared  by  boiling  the  juice,  filtering,  adding 
nitric  acid,  precipitating  with  lead  nitrate,  and  decomposing 
the  resulting  lead  salt  with  hydrogen  sulphide.  It  crystal- 
lizes in  needles  with  1  molecule  of  water  of  crystallization, 
and  is  only  sparingly  soluble  in  cold  water  and  alcohol. 

157.  Citric  Acid. — Citric,  ov hydroxy tricarbally lie,  acid 
C^Hjl^OH)(CO^H)^y  which  wasdiscovered  by  Scheelc  in  1784, 
occurs  widely  diffused  in  nature.  It  exists  in  lemons, 
oranges,  limes,  currants,  raspberries,  cherries,  etc.  in  con- 
junction with  malic  acid.  It  is  readily  prepared  from  lemon 
juice,  which  is  first  allowed  to  stand  until  it  begins  to  fer- 
ment, and  is  then  filtered,  and  saturated  with  chalk  while 
boiling.  The  precipitate  of  calcium  citrate  is  washed  with 
boiling  water,  and  decomposed  by  a  slight  excess  of  dilute 
sulphuric  acid.  The  liquid  separated  from  the  calcium  sul- 
phate yields  crystals  of  citric  acid. 

It  may  be  prepared  synthetically  from  acetone  by  the 
following  steps: 

1.  C//,-  CO^  CH^  +  r/,  =  '^HCl+CH,  CI' CO'  CH^Cl 

acetone  dichloracetone 

2.  By  heating  the  dichloracetone  with  strong  hydro- 
cyanic acid,  it  is  converted  into  dichloracetone  cyanhy- 
drate  CH^Cl'C(OH)(CN)'CH^Cl. 

3.  This  last,  acted  on  by  hydrochloric  acid  and  water, 
yields  NH^Cl  and  dichloracetonic  acid 

CH^Cl'C{OH){CO^H)CH^CL 

4.  On  treating  this  with  potassium  cyanide,  it  gives  "IKCI 
and  dicyanacctonic  acid  CII^CNC\OH){COJI)CH^CN. 
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5.  By  the  action  of  ZHCl  and  ^Hfi,  this  is  converted 
into  NH^CUnd  citric  acid  CO^HC{OH) :  {CH^CO^H\. 

The  whole  synthetical  process  may  be  expressed  shortly 
by  the  following  equations: 

(1)  CH^-CO-  CH^  +  67,  =  'iHCl-^CHjCl-  CO-  CHp 

acetone  dichloracetone 

(2)  C//,  aCOCH^Cl+HC\N 

dichloracetone         ^yd^^yanic 

=  CH^a-  C{OI/){CN)  ■  CH^Cl 

dichloracetone  cyan  hydrate 

(3)  CH^Cl-  C{OH){CN)CH^Cl-{-  HCl-^-  %Hfi 

dichloracetone  cyanhydrate 

=  NH<Cl-\-  CH^ClC{OH){CO^H)CHjCl 

dichloracetonic  acid 

(4)  CIIJCI-  C\Orf){CO,H)  CH,Cl-^  2KCN 

dichloracetonic  acid 

=  -iKCl-lr  CH^CNC{OH)(CO^H)CH^CN 

dicyanacetonic  acid 

(5)  C/I.,Cr7C{0ri){C0^H)CH^CN^%Ha-lr  iHfi 

dicyanacetonic  acid 

=  -lNlIfl-\-CO^H-C{OH) :  (CH^-CO^H\ 

citric  acid 

Citric  acid  crystallizes  in  two  different  forms.  The 
crystals  that  separate  by  spontaneous  evaporation  from 
a  cold  saturated  solution  are  trimetric  prisms  containing 
CJI^O^JIp^  while  those  that  are  deposited  from  a  hot  solu- 
tion have  a  different  form  and  contain  ^C^HO^.H^O.  This 
acid  has  a  ])ure  and  apfrecable  acid  taste  and  is  very  soluble 
in  water,  and  fairly  so  in  alcohol;  the  solution  stroni^^ly 
reddens  litmus.  Citric  acid  fuses  at  100°  and  loses  its  water 
of  crystallization  at  130'';  heated  further  to  1?0°,  it  loses 
another  molecule  of  I  1^0  and  becomes  aconitic  add 
CJLXCOJJ).^,  and,  when  still  further  heated,  this  loses 
CO^  and  itaconc  <?r/V/ distils  over: 

CJIXCOJl),  =  C0,+ C,H,{CO,H\ 
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This  crystallizes  in  the  neck  of  the  retort.  The  liquid 
portion  of  the  distillate  contains  citraconic  acid^  which  is 
isomeric  with  itaconic  acid.  Fused  potassium  hydrate  con- 
verts citric  acid  into  oxalic  and  acetic  acids. 

Citric  acid  is  frequently  adulterated  with  tartaric  acid, 
which  is  readily  detected  by  dissolving  the  acid  in  a  little 
cold  water,  and  adding  to  the  solution  a  small  quantity  of 
potassium  acetate.  If  tartaric  acid  should  be  present,  a 
white  crystalline  precipitate  of  cream  of  tartar  is  produced 
on  agitation.  Citric  acid  is  further  distinguished  from  tar- 
taric acid  by  the  characteristics  of  its  calcium  salt.  An 
aqueoUs  solution  of  citric  acid  is  not  precipitated  by  lime 
water  in  the  cold,  but,  on  boiling,  a  precipitate  will  be 
formed  that  consists  of  tricalcic  citrate^  which  is  insoluble 
in  potash  lye.  Calcium  tartrate,  on  the  other  hand,  dis- 
solves in  alkalies,  and  is  precipitated  therefrom  as  a  jelly, 
on  boiling. 

The  citrates  of  the  alkali  metals  are  soluble  and  crys- 
tallize with  greater  or  less  facility;  those  of  barium,  stron- 
tium, calcium,  lead,  and  silver  are  insoluble.  Ferric 
citrate  FeJ^C^Hfi^^.^Aq  and  ferric  ammonia  citrate 
FeJ^NH^J^C^Hfi^^  are  used  in  medicine. 


KETONES, 

158,  The  members  of  this  series  of  organic  compounds 
may  be  regarded  as  being  formed  from  the  acids  by  the 
removal  of  the  radical  OH  from  the  group  CO-OH^  char- 
acteristic of  the  acids,  and  by  substituting  for  it  another 
radical,  which  is,  as  a  rule,  one  of  the  hydrocarbon  radicals 
of  the  alcohols.  Thus,  for  instance,  if  we  remove  the  hydroxyl 
radical  OH ivova  acetic  acid  CH^-CO-OH unA  substitute  for 
it  methyl  CH^,  we  obtain  a  compound  CH^COCH^^  or 
acetone.  This  replacement  can  take  place  through  the  action 
of  a  metallic  alkyl  compound  on  the  chloride  of  the  acid,  as 
is  seen  from  the  following  equation : 

CH.'CO'Cl+CH^Na  =  CH^'COCH^  +  NaCl 
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The  student  will  notice  that  the  formula  of  acetone, 
however,  contains  the  group  CO,  or  carbonyl,  which  is  also 
present  and  prominent  in  the  aldehydes,  and  it  has  been 
found  that  the  ketones  are  really  the  aldehydes  of  the  so 
called    secondary  alcohols,    which,    as  has   been    shown  in 

IT 

Art.  11,  contain  the  group  :  (^<qiji  and  that  these  second- 
ary alcohols  may  be  converted  into  ketones  by  partial  oxida- 
tion, just  as  a  primary  alcohol  is  converted  into  an  aldehyde, 
and  that  a  ketone  yields  secondary  alcohol  with  nascent 
hydrogen,  just  as  an  aldehyde  would  )rield  primary  alcohol 
under  similar  treatment. 

It  has  been  stated  in  Art.  60,  that  the  aldehyde  of  any 
acid  can  generally  be  obtained  by  the  distillation  of  a  salt 
of  this  acid  with  a  formate.  The  salts  of  the  alkali  metals 
are,  however,  owing  to  their  greater  stability,  less  suitable 
for  this  purpose  than  the  calcium  salts.  Acetic  aldehyde, 
for  instance,  may  be  prepared  by  the  distillation  of  calcium 
acetate  and  calcium  formate,  as  is  seen  from  the  following 
equation : 

{CH^'CO^,Ca-^{II'CO:).fa=2{CII,CO'H)+'Z{CaO'C0) 

If  calcium  acetate  is  distilled  with  calcium  acetate — that  is, 
by  itself — acetone  and  calcium  carbonate  will  result,  as  is 
seen  from  the  equation : 

The  formulas  of  the  aldehydes  show  that  in  these  com- 
pounds I  atom  of  //  is  connected  with  an  alcohol  radical 
throui^h  the  carbonyl  ^^roii])  CO,  while  the  formulas  of  the 
ketones  show  that  their  two  alcohol  radicals  are  connected 
throii^^-li  this  C(^  ^^-n^iip.  The  two  alcohol  radicals  in  the 
ketone  compounds  may  be  either  similar  or  different,  and 
the  ketones  with  two  similar  alcohol  radicals  are  known  as 
simple  kctcncs,  and  those  with  dissimilar  alcohol  radicals  as 
mixed,  or  double,  kefones.  Thus,  for  instance,  if  calcium 
acetate  and  propionate  are  distilled  together,  a  ketone  known 
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diS  acetone  propione  results,  as  is  expressed  in  the  subjoined 

equation ; 

(CH,^CO,\Ca-\-{C,H^COXCa 
=  "iCH^'CO'C^H^  +  'HCaO'CO^ 

When  acted  on  by  oxidizing  agents,  the  aldehydes  as  well 
as  the  ketones  yield  acids;  but,  while  an  aldehyde  only  yields 
one  acid,  a  ketone,  containing  two  hydrocarbon  radicals, 
>nelds  two  acids.  Thus,  acetone  CH^-CO-CH^  yields  acetic 
acid  CH^'CO'OH BXiA  formic  acid  H-CO-Ofl^  and  propione 
C^H^'CO'C^H^  yields  propionic  acid  C^H^-CO-OH  and 
acetic  acid  CH^'CO-OH,  The  ketones  of  the  acetic  series 
all  yield  acetic  acid  as  one  of  the  acids  produced  by  their 
oxidation,  showing  that  these  ketones  all  contain  the  group 
CH,. 

The  ketones  are  neutral  bodies  The  lower  members  of 
the  series  are  volatile,  ethereal-smelling  liquids,  while  the 
higher  members  are  solids. 

159.  Acetone.  —  Acetone,  or  dimethyl  ketone 
CH^'CO'CH^y  has  been  known  for  a  long  time,  its  formula 
was  determined  by  Liebigand  Dumas,  in  1832.  It  occurs  in 
small  quantities  in  the  blood  and  in  normal  urine,  while  in 
the  urine  of  those  suffering  from  diabetes,  it  is  present  in 
considerable  quantities.  It  is  produced  in  the  dry  distilla- 
tion of  tartaric  acid,  citric  acid,  sugar,  wood,  etc. ;  hence,  it 
is  also  found  in  crude  wood  alcohol.  Technically,  it  is  pre- 
pared by  distilling  dry  calcium  acetate  in  clay  retorts.  The 
vapors  given  off  are  condensed  in  a  well  cooled  receiver,  and 
the  liquid  obtained  is  distilled  on  a  water  bath  with  an  excess 
of  calcium  chloride. 

Acetone  is  a  colorless,  mobile,  and  peculiar-smelling 
liquid,  having  a  specific  gravity  of  .70*2  at  20°.  It  is  misci- 
ble  with  water,  alcohol,  and  ether.  It  is  inflammable  and 
bums  with  a  luminous  flame.  On  adding  solid  potash  or 
calcium  chloride  to  its  aqueous  solution,  the  acetone  separates 
and  rises  to  the  surface.  It  is  an  excellent  solvent  for  many 
carbon  compounds,  especially  for  certain  gums  and  resins. 
It  is  not  as  powerful  a  reducing  agent  as  aldehyde,  and  does 
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not  reduce  silver  nitrate.     When  oxidized  by  K^Mnfi^  or 
by  K^Cr^O^  and  H^SO^y  it  yields  acetic  and  carbonic  acids. 

When  acted  on  by  dehydrating  agents,  such  as  sulphuric 
acid,  hydrochloric  acid,  quicklime,  etc.,  acetone  loses  the 
elements  of  water,  and  yields  condensation  products  richer 
in  carbon;  thus,  2  molecules  of  (CH^^CO  losing  H^O  give 
(CH^^C:  CH'  CO'  CH^,  mesityl  oxide,  a  liquid  that  possesses 
a  strong  odor  of  peppermint,  and  boils  at  130°.  Three  mole- 
cules of  {CH^^CO  losing  "iHfi  yield  [(CiVJ,C:  CH\CO, 
which  is  a  crystalline  compound,  known  as  phorone;  it  has 
an  odor  resembling  that  of  geranium  and  boils  at  196**.  The 
loss  of  another  molecule  of  water  produces  C^H^^,  or  mesity- 
lene  (see  Art.  103,  Organic  Chemistry^  Part  1). 

160.  Up  to  the  present  time,  none  of  the  ketones  have 
found  any  practical  application  in  the  arts,  and  they  will  not 
be  considered  in  detail  in  this  paper.  The  following  tables 
enumerate  the  principal  single  and  mixed  ketones,  their 
formulas,  and  their  melting  and  boiling  points: 

TABLK    18. 

SIXCU.K  KKTOXES. 


Name. 


Forniuhi. 


co{Cjfx 

CO{CH{CH,\l 


I)i-ethvl  ketone 

I )i-|)ro])yl  ketone,  or  bulyron. 

Di-isopropyl  ketone 

Caprone CO{C,H^X^ 

Tetra-ethyl  acetone ^^0[Cn{CJI,).X 

Cl^Kintlione 

Ca])rylone 

Caprinone 

Lanrone  


Myrisl.mc ('(''(('J^.A 

l\ilniit..nc I      ('(HCJ/,,), 

Stcan.iic I      ('0{C\./r^.), 


Melting 
Point. 

1 
Boiling 

Point. 

10:)' 

144' 

1-24'^ 

14.(>' 

!>•>»;' 

2i)r 

30° 

x>0:3' 

40° 

48° 

or 

70° 

83° 

88° 
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TABLE   10. 

MIXED  KETOXES. 


Name. 

Formula. 

Melting 
Point. 

Boiling 
Point. 

Methyl  ethyl  ketone 

CH^'CO'C.H^ 

81° 

Methyl  propyl  ketone 

CH,'CO'C,H^ 

102° 

Methyl  isopropyl  ketone . . 

ch^'CO'CH(Ch;)^ 

9G° 

Pinacolinc 

CH,^CO-C(CHX 

10G° 

Methyl  oenanthone 

171° 

Methyl  nonyl  ketone 

CH^'CO'C^H^^ 

15° 

225° 

Methyl  decyl  ketone 

CH,^CO^C,,H,, 

21° 

247° 

Methyl    undecyl    ketone, 

from  laiiric  acid 

CH.^CO^Cjr,, 

28° 

203° 

Methyl  dodecyl  ketone 

CH.^CO^CJI,, 

34° 

(207°) 

Methyl     tridecyl     ketone, 

from  myristic  acid 

CH.^CO-CJI^, 

39° 

(224°) 

Methyl  tetradecyl  ketone.. 

CH^^CO^CJI^, 

43° 

(231°) 

Methyl  pentadccyl  ketone, 

from  palmitic  acid 

CH^^CO^CJI,, 

48°. 

(244°) 

Methyl  hcxadccyl  ketone. 

from  margaric  acid 

CII,^CO-CJI,, 

5->° 

(252°) 

Methyl  heptadecyl  ketone, 

from  stearic  acid 

cii^^co^cjr,. 

hh"" 

(2C5°) 

The  boiling  points,  inclosed  in  parenthesi.s,  wore  determined  under 
100  millimeters  pressure. 

161.  There  remain  to  be  considered  the  ketone  aleohols, 
ketone  aldehydes^  ketone  aeids,  and  ketone  ketones,  or  di ketones, 
all  of  which  may  be  regarded  as  derivatives  of  polyhydric 
alcohols  (see  Art.  35). 

Ketone  Alcohols,  or  Ketols, — Those  may  be  defined  as 
alcohols  containing  a  ketone  group  :  CO,  and  may  be  regarded 
as  derived  from  polyhydric  alcohols  containing  a  secondary 
alcohol  group.  Aeetone  ale  oho/,  also  known  as  acetol^  or 
acetyl  car  binol  CIL^-COCH^OII^  is  an  example. 

Ketone  Aldehydes. — These  compounds  arc  exemplified 
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by  pyraracemic  aldehyde^  or  methyl  ^yoxal  CH^^CO^CHO^ 
a  yellow  volatile  oiL 

Ketone  Acids. — ^The  most  important  compounds  of  this 
class  are:  Pyraracemic  acid  CH^'CO'CO^H^  which  is  pre- 
pared by  the  dry  distillation  of  tartaric,  or  raoemic,  acid. 
It  is  a  liquid  t>oiling  at  abont  167^  and  is  soluble  in  water. 
Acetihoceticacid  CH^-CO'  CU^  •  COJt^  wbich  may  be  regaided 
as  acetic  acid  in  which  acetyl  CHjCO  has  replaced  H.  It 
is  a  liquid  compound,  which  dissolves  in  water  and  readily 
decomposes  into  acetone  and  CO^  when  heated.  Levulimc 
acid  CH^'CO'CH^'CH^CO^H  is  a  product  of  the  action  of 
acids  on  various  carbohydrates.  Benzoyl  formic  acid^  or 
phenyl  glyoxylic  acid  C^H^'CO'CO^H^  is  a  product  of  the 
oxidation  of  mandelic  acid  C^H^-CH(OHyCO^H. 

Dl  ketones.  —  The  simplest  example  is  diacetjl 
CH^-CO'CO-CH^^  which  is  prepared  by  boiling  isonitroso- 
methyl  acetone  CH^C{NOH)CO*CH^  with  add.  It  is  a 
greenish-yellow  liquid,  smelling  of  quinone,  and  boiling 
at  87^  

ETHERS. 

163.  The  ethers  maybe  regarded  as  compounds  that 
are  derived  from  the  alcohols  by  the  substitution  of  an 
alcohol  radical  for  the  hydrogen  in  the  OH  group.  The 
following  example  will  clearly  show  this  transformation 
process:  If  methyl  alcohol  C//,- (7//^  is  treated  with  sodium, 
the  hydroxyl  hydrogen  atom  in  the  alcohol  is  displaced  by 
an  atom  of  sodium,  and  sodium  methoxide  CW,-OA^it?  results. 
If  this  product  is  acted  on  by  methyl  iodide,  the  sodium 
atom  in  Clf^-ONa  will  be  displaced  by  the  group  C//,,  and 
methyl  ether  CH^-O-  CH^  results,  as  is  seen  from  the  following 
equation: 

Cn^'ONa-\-CHJ  =  CH^^O'CH^'\-NaI 

It  will  be  evident  that  a  similar  reaction  between  sodium 
methoxide  and  ethyl  iodide  C^HJ  would  produce  methyl 
ethyl  ether  CH^-O-  Cfi^^  so  that  the  number  of  ethers  obtain- 
able would  exceed  that  of  the  alcohols. 

Ethers  are   neutral,  volatile   bodies,  nearly  insoluble  in 
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water.  The  lowest  members  are  gases,  the  next  higher  are 
liquids,  and  the  highest  are  solids.  The  boiling  points  are 
very  much  lower  than  those  of  the  corresponding  alcohols. 
Like  the  ketones,  ethers  containing  two  similar  alcohol  radi- 
cals are  termed  simple  ethers^  while  those  with  different 
radicals  are  known  as  mixed  ethers.  Ethers,  as  a  rule,  offer 
more  resistance  to  the  attacks  of  other  bodies  than  the 
alcohols.  They  are,  in  general,  convertible  into  the  cor- 
responding alcohols  by  the  action  of  water  at  high  tempera- 
ture, the  HOH  exchanging  1  atom  of  H  for  1  of  the  alcohol 
radicals.  With  hydrogen  haloid  acids,  especially  with  hydri- 
odic  acid,  they  yield  haloid  compounds,  imitating,  though 
with  considerably  less  energy,  the  reactions  of  those  acids 
with  the  alkaline  oxides,  such  as  Kfi^  which  resemble  the 
ethers  in  constitution,  thus: 

and  {Cff,),0  +  2m  =  H,0  +  2CI/J 

163.  Ether. — Ethyl  ether ^  sulphuric  ether ^  or,  for  short, 
ether  C^H^-O-C^H^^  and  its  production  from  sulphuric  acid 
and  alcohol,  were  already  known  in  the  IGth  century.  They 
were  described  by  Valerius  Cordus,  a  German  physician. 
Ether  is  prepared  in  the  arts,  as  has  been  stated,  by  distilling 
alcohol  with  sulphuric  acid.  If  a  mixture  of  9  parts  of  con- 
centrate sulphuric  acid  and  5  parts  of  90-pcr-cent.  alcohol  is 
distilled,  ether  and  water  pass  over  together,  and  if  alcohol 
is  added  from  time  to  time,  a  small  quantity  of  sulphuric 
acid  is  quite  sufficient  to  etherify  a  comparatively  large 
quantity  of  alcohol.  The  alcohol  is  first  converted  into 
hydrogen  ethyl  sulphate^  or  sulphet hylic  acid,  as  is  seen  from 
the  following  equation : 

H,SO,  +  C,H,-  OH  =  HC^H^SO,  +  Hfi 

When  this  process  of  heating  is  continued  with  more 
alcohol,  until  140°  is  reached,  hydrogen  ethyl  sulphate  is 
decomposed  into  ether,  and  sulphuric  acid  which  acts  in  the 
same  way  on  further  quantities  of  alcohol  ; 
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As  this  prixress  is  a  continuous  one,  it  is  generally  known 
as  the  cunliHuoui  etherification process,  and  is  carried  on  mtsl 
conveniently  in  the  following  manner  with  the  apparatus 


Alcohol  having  a  specific  gravity  of  .33  is  added,  w-ith  con- 
tinued stirring,  to  an  equal  volume  of  concentrate  sulphuric 
acid  that  has  been  well  cooled  by  standing  in  a  basin  filled 
with  ice  water.  When  the  mixture  has  thoroughly  cooled 
down  it  is  poured  in  a  flask  A  (see  Fig,  lii),  which  is  con- 
nected with  areservoirof  alcoholic  and  a  well  cooled  Liebig's 
condenser  C.  The  mixture  is  quicklj'  heated  to  approsi- 
mately  140°,  and  fresh  alcohol  is  then  allowed  to  pass  in  slowly 
from  the  siphon  tul)e  D,  which  is  furnished  witli  a  slop-cock 
and  which  connects  the  alcohol  reservoir  with  the  distilling 
flask;  the  flow  of  the  alcohol  being  so  regulated  into  the 
latter  as  to  keep  as  nearly  as  possible  at  a  constant  level  in 
A,  in  order  to  keep  the  temperature  as  constant  as  possible 
at  140°.  This  is  rendered  easier  by  arranging  a  thermometer 
E,  which  dips  into  the  liquid,  as  shown  in  the  illustration. 
When  the  total  quantity  of  alcohol  used  amounts  to  six 
or  seven  times  that  originally  taken,  the  process  must  be 
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stopped,  because  secondary  reactions,  attended  by  carboni- 
zation, have  used  up  much  of  the  sulphuric  acid.  The  liquid 
collected  in  the  receiver  contains  about  two-thirds  of  its 
weight  of  ether,  with  about  one-sixth  of  water,  an  equal 
quantity  of  alcohol,  and  a  little  sulphurous  acid.  It  sepa- 
rates, as  a  rule,  into  two  layers,  the  upper  one  of  which  being 
the  ether.  The  whole  is  introduced  into  a  narrow  stoppered 
bottle  and  shaken  with  cold  water,  added  in  small  portions, 
as  long  as  the  layer  of  ether  on  the  surface  increases  in 
volume  ;  a  little  potash  is  then  added  to  fix  SO^,  and,  after 
shaking,  the  upper  layer  of  ether  is  drawn  off  into  a  flask 
containing  lumps  of  fused  calcium  chloride,  to  remove  water 
and  alcohol.  After  standing  for  some  hours,  the  ether  is 
distilled  off  in  a  water  bath  at  as  low  a  temperature  as  pos- 
sible. To  free  it  entirely  from  water,  it  must  be  again  recti- 
fied, after  digestion  with  powdered  quicklime,  and  finally 
with  sodium,  till  no  more  hydrogen  bubbles  are  visible. 
In  the  arts,  the  operation  is  conducted  on  the  large  scale  in 
apparatus  of  an  analogous  character  and  construction. 

Theory  of  Etherificatioii. — The  process  of  preparing  ether 
just  described  had  been  in  use  a  long  time  before  a  real  satis- 
factory explanation  of  it  was  arrived  at.  One  of  the  earliest 
views  regarded  the  formation  of  ether  as  a  mere  removal  of 
water,  by  means  of  sulphuric  acid,  from  alcohol,  assuming 
alcohol  to  be  a  compound  of  water  and  ether  ;  but  against 
this  spoke  the  fact  that  the  water  was  not  retained  by  the 
acid,  but  distilled  over  with  the  ether,  and  that  the  same 
acid  would  etherify  successive  additions  of  alcohol.  Leav- 
ing the  theory  of  catalytic  action,  or  decomposition  by  con- 
tact, entirely  out  of  question,  we  arrive  at  the  important 
observation  that  the  first  product  of  the  action  of  sulphuric 
acid  on  alcohol  is  sulphethylic  acid,  which  is  decomposed, 
when  distilled  with  more  alcohol  at  140"",  into  ether,  water, 
and  sulphuric  acid,  as  shown  in  the  equations  previously 
given.  Very  strong  evidence  in  favor  of  this  view  is  fur- 
nished by  the  following  experiment:  Amyl alcohol  C^H^^'OH 
is  converted  by  sulphuric  acid  into  sulphamylic  acid 
C^H^^'SOJi,  which  is  heated  in  the  distilling  flask  (Fig.  12), 
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while  ethyl  alcohol  CJI^-OH  is  allowed  to  flow  in  from  the 
reservoir ;  this  decomposes  the  sulphamylic  acid,  yielding 
sulphuric  acid  and  amyl  ethyl  ether: 

If  the  process  is  continued  after  all  the  amyl  ethyl  ether 
has  passed  over,  only  ethyl  ether  is  obtained. 

164.  Proi>ePtles  of  Ether, — Ether  is  a  colorless,  mobile 
liquid  with  a  strong  and  peculiar  odor,  and  specific  gravity 
at  0°  of  .T3G.  Ether  boils  at  a  temperature  of  36.5^  and 
bears,  without  freezing,  the  greatest  cold.  When  dropped 
on  the  hand,  it  produces  the  sensation  of  cold,  owing  to  its 
rapid  vaporization.  It  is  very  combustible  and  bums  with 
a  whitish  flame,  generating  water  and  carbon  dioxide 
Although  ether  is  one  of  the  lightest  substances,  its  vapor 
has  a  specific  gravity  of  2.59.  It  is  but  slightly  miscible 
with  water,  on  the  surface  of  which  it  forms  a  separate  layer ; 
1)  parts  of  water  dissolve  1  part  of  ether,  36  parts  of  ether 
dissolve  1  part  of  water.  Ether  dissolves  in  all  proportions 
in  alcohol.  In  1S4(),  Dr.  William  T.  G.  Morton,  of  Boston, 
discovered  the  fact  that  ether  vapor,  when  inhaled,  produces 
unconsciousness  and  anesthesia.  This  discovery  has  been  of 
inestimable  value  in  surgery,  and  while  other  anesthetics, 
such  as  chloroform,  laug-hing-  pfas,  etc.,  have  been  introduced, 
ether  a]')pears  to  have  the  *i^eneral  preference.  It  is  also 
much  used  in  laboratories  as  a  solvent,  especially  for  fatty 
sul)stanccs  and  alkaloids,  and  by  the  photographer  in  dissolv- 
in*''  collodion. 

105.     Otlur    M(tlio<ls    of    rivparlnfi:     Ktlier. — The 

mode  of  i)reparin«4-  ether  mentioned  in  Art.   10.^  is  not  the 

c>nly  existing;-  one,  and,  although  these  other  methods  arc  not 
used  for  the  economical  pre])aration  of  ether  in  the  arts,  they 
greatly  assist  the  explanation  of  its  constitution  and  confirm 
the  modern  theory  of  etherification.  Thus,  for  instance, 
ethyl  iodide  heated  with  sodium  oxide,  in  a  sealed  tube,  at 
1S0°,  yields  ether  and  sodium  ir)dide: 

2CJ/J+X<rO  =  {CJ/X:  0  +  2X^1 


•>»v 
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Silver  oxide  AgjO  is  very  frequently  substituted  for  Na^O, 
thiscompound  effecting  the  conversion  more  rapidly.  Alcohol, 
heated  with  ethyl  bromide  and  potash,  yields  ether,  water, 
and  potassium  bromide : 
C,H^'OH+  CJI,Br  +  KOH  =  (CJI,),:  O  +  IIOH+KBr 

Ethyl  iodide  acted  on  by  scxlium  ethoxide,  yields  ether  and 
sodium  iodide: 

C,HJ-\-C,HfiNa  =  {CJIX-.O  +  NaF 

Ethyl  iodide,  heated  with  a  small  quantity  of  water,  under 
pressure,  yields  first  alcohol,  and  afterwards  ether: 

C,HJ+  C\fl^-  OH  =  C,H^-OCJI,-V  HI 

Other  acids  besides  sulphuric  acid  may  be  used  in  the 
etherification  process,  especially  those  that  are  non-volatile 
and  polybasic;  as,  for  instance,  phosphoric,  arsenic,  and 
boracic  acids  could  probably  be  successfully  substituted  for 
H^SO^,  But  certain  salts,  such  as  zinc  chloride  and  alu- 
minum sulphate,  also  generate  ether  from  alcohol,  and  the 
explanation  of  this  is  not  quite  as  simple.  It  will  be  found 
that  such  salts  are  capable  of  decomposition  by  water,  with 
formation  of  basic  salt  and  free  acid ;  thus, 

ZftCl^  +  H^O  =  ZnClOH+HCl 

or  with  aluminum  sulphate: 

If  these  reactions  take  place  with  alcohol  C^//^-  (?// instead 
of  with  HOH,  the  products  will  be  CJIjCl  instead  of  //C/,  and 
C^H^'HSO^  instead  of  HJSO^,  and  we  know  that  either  of 
these  would  react  with  the  excess  of  alcohol  to  produce  ether. 

When  ether  is  heated  with  water  and  some  sulphuric  acid 

at  180**,  in  a  sealed  tube,  it  is  reconverted  into  alcohol,  and 

probably  passes  through  the  same  stages,  but  in  an  inverse 

order,  as  in  the  preparation  with  the  aid  of  sulphuric  acid ; 

viz 

(C.7/.), :  O  +  2 AT  50,  =  2C,H,-HS0,  +  H,0 

C^H,-HSO,^IIfi  =  C^H,-OH-\:H^SO, 
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When  ether  is  acted  on  by  hydriodic-acid  gas,  in  the  cdd, 
it  yields  alcohol  and  ethyl  iodide: 

(C.HXO +HI^  C,H,>  0H+  C,HJ 

If  a  mixed  ether^  such  as  ethyl  amyl  ether,  is  treated  in 
this  way,  the  radical  containing  the  most  carbon  is  the  cne 
converted  into  alcohol: 

Ether  forms  crystalline  compounds  with  various  sub- 
stances, e.  g.,  the  chlorides  and  bromides  of  Sn^  Al^  P^  St, 
and  TV,  being  present  in  them  as  ether  of  crystallization. 

When  dropped  upon  platinum  black  it  takes  fire,  and  when 
poured  into  chlorine  gas  an  explosion  results,  hydrochloric 
acid  being  set  free.  In*the  dark,  however,  and  in  the  cold, 
substitution  by  chlorine  is  possible,  the  final  product  of  sub- 
stitution, perchloro-ether  CjOl^fi^  is  a  solid  with  an  odor 
resembling  that  of  camphor. 

166.  Methyl  Etber.— Methyl  ether  CH^O'CH^,9iso 

known  as  dimethyl  oxide,  may  be  prepared  by  heating  1  part 
of  methyl  alcohol  and  4  parts  of  sulphuric  acid;  and  passes 
over  as  a  colorless  gas,  which  may  be  collected  over  mercury. 
It  is  condensed  by  pressure  and  cold  to  a  liquid  that  begins 
to  vaporize  at  —21°.  It  has  an  ethereal  odor,  and  bums 
with  a  pale  and  feebly  luminous  flame.  Cold  water  dissolves 
about  33  times  its  volume  of  this  gas,  acquiring  thereby  its 
characteristic  odor  and  taste;  on  boiling  the  solution,  the  gas 
is  again  liberated.  Alcohol,  wood  spirit,  and  sulphuric  acid 
dissolve  it  in  still  larger  quantities. 

167.  By  referring  to  Table  20,  the  student  will  notice 
that  the  ethers  derived  from  the  alcohols  belonging  to  tlie 
scries  C„//,„  +  „  form  an  homologous  scries  isologous*  with  the 
alcohols,  that  each  alcohol  is  metamcricf  with  the  isologous 
alcohol,  and  that  the  single  ethers  of  this  series  all  have  an 

*Iso/oe^ous  may  briefly  be  flefined  as  "  having  similar  differences  in 
composition." 

\Meiamcric  means  "  having  the  same  percentage  composition  and 
the  same  molecular  weight." 
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even  number  of  carbon  atoms;  while  the  mixed  ethers  of 
this  series  are  distinguished  by  an  odd  number  of  carbon 
atoms. 

TABIiE    20. 


Alcohols. 

Formula. 

1 

Ethers. 

Formula. 

Ethyl 

Propyl .... 

Butyl 

Amyl 

Caproyl. . . 

C,H,-  OH 
C^H,-OH 
C,H^-OH 

C,H„-OIl 

Methyl  ether 

Methyl  ethyl  ether.. 
Ethvl  ether 

r//,-  0-  CH^ 

CH,-  0-  C\H, 
C H  OC H 

Ethyl  propyl  ether. . 
Propyl  ether 

CJf,-OC,IJ, 

168.  The  ethers  of  the  glycols  or  dihydric  alcohols  are 
formed  from  these  alcohols  by  the  replacement  of  the 
hydroxyl  hydrogen  by  a  radical;  thus,  glycol,  or  ethene 
alcohol  C^HJ^OH)^y  yields  C^H^-O^-CJI^^  diethene  dioxide, 
or  glycol  ether.  To  prepare  this  compound  from  glycol, 
the  latter  is  saturated  with  HCl  gas  and  distilled,  when  it 
yields  glycol  chlorhydrin^  or  chloride  of  etiiylcne  hydrate^ 
according  to  the  equation : 

C,HXOH\  +  HCl=z  C,H^'OH'Cl+H,0 

When  this  is  distilled  with  potash,  it  gives  ethylene  oxide: 

C,H^'OH'Cl+KOH  =^  Cjr,:0  +  KCl+H^O 

When  ethylene  oxide  is  treated  with  bromine,  it  is  con- 
verted into  (C^Hfi>)^Br^^  from  which  mercury  removes  the 
bromine,  leaving  (C^H^fi.  The  ether  thus  obtained  is  a 
liquid,  which  boils  at  10/J°,  and  is  miscible  with  water,  alco- 
hol, and  ether  in  all  proportions. 


169.  Glycerine  Ether.— Glycerineether  C^H^  \  (9,  •  C^H^ 
represents  glycerine  CJIJ^OH)^  in  which  glycer>^l  C^H^  has 
replaced  three  atoms  of  H  in  the  three  hydroxyl  groups.  It 
is  formed  when  glycerine  is  distilled  with  calcium  chloride. 
It  is  an  inodorous  colorless  liquid,  which  boils  at  about  170° 
and  has  a  specific  gravity  of  1.16;  it  mixes  with  water. 
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1 70.  Benzyl  ether  C^H^  -  O-  C^H^  is  prepared  by  distilling 
benzyl  alcohol  with  boric  oxide  Bfi^^  which  removes  the 
elements  of  water: 

It  is  a  colorless  liquid,  which  does  not  dissolve  in  water, 
and  which  only  boils  above  300**. 

171,  The  principal  ethers  are  gi\'en  in  Table  21. 


TABLE    21, 


Name  of  Ether. 


Boiling  Point 


Methyl  ether 

Methyl  ethyl  ether. 

Ethyl  ether 

Methyl  propyl  ether 

Ethyl  propyl  ether 

Propyl  ether 

Ethvl  hutvl  ether. .    . 

1)111  vl  cllicr. ... 

Cclyl  ether c . 

Glycol  ether. . .  = , -  ...,,,  , 

Monocthyl  glycol  ether 

Diethyl  glycol  ether 

Glycerine  ether ,  . . . . 

Ethyl  glycerine  ether , 

Diethyl  glycerine  ether. .  , . 
Triethyl  glycerine  ether. . , . 

Allyl  ether , 

!Nrethyl  allyl  ether >. . 

Ethyl  allyl  ether . . . , 

Etliyl  propargyl  ether  .... . 

Benzyl  ether 

Methyl  benzyl  ether.  ...>.. 

Ethyl  benzyl  ether 

Phenyl  benzyl  ether 


CH^O'CH^ 
CH^O'CJJ, 

CJl^O/fOC\H^ 

cjixon\'0^cji, 

CJf^,OIl{OC^HX 

cjL,o^cjr, 

c'fl^'O-CJf, 
CJh'O^CJJ, 


-2r 
+ir 

39^ 
64^ 
91° 

1-tr 

300^ 

102'^ 

134^ 

124° 

171" 

230" 

191° 

185° 

94" 

4G" 

03" 

80" 

298" 

168° 

185° 
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(PART  3.) 


DERIVATIVES  OP  nYDROCAIlBONS. 


IIAIiOGEX   DEUIVATTTES. 

1.  Clxemlcal  Ileactloii, — Chemical  reaction  is  usually 
divided  into  two  classes;  namely,  complete  reaction  and 
reversible  reaction.  Complete  reaction  includes  those 
changes  in  which  all  the  reacting  substances  are  converted 
into  the  products  of  the  reaction;  for  example,  when  a 
mixture  of  equal  volumes  of  hydrogen  and  chlorine  is  fired, 
the  two  gases  combine  completely  and  are  converted  into 
the  stable  compound,  hydrochloric  acid.  A  reversible  reac- 
tion, on  the  other  hand,  is  of  such  a  nature  that  the  products  of 
the  reaction,  under  slightly  altered  conditions,  react  with  each 
other  to  reform  the  original  substances.  Thus,  for  example, 
when  steam  and  iron  are  heated  together,  a  reaction  occurs 
which  may  be  expressed  by  the  following  equation : 

but  it  is  equally  true  that,  when  hydrogen  and  black  oxide 
of  iron  are  heated  together,  a  reaction  takes  place,  which 
may  be  expressed  as  follows : 

7^3(9, +  4//,  =  /V,  +  4//,0 

Either  of  these  two  reactions  may,  of  course,  be  carried  to 
approximate  completion  under  suitable  conditions ;  thus,  by 
passing  steam  over  red-hot  iron,  the  whole  of  the  iron  can 

For  notice  of  the  copyright,  see  page  immediately  following  the  title  page. 
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be  converted  into  Fe^O^;  so,  also,  by  passing  hydrogen  over 

Fe^O^  at  high  temperatures,  the  whole  of  the  oxide  can  be 

converted  into  metallic  iron.     If,  however,  iron  and  steam 

are  heated  together  in  a  closed  vessel,  the  iron  will  never  be 

completely  oxidized,  owing  to  a  reversible  action ;  that  is  to 

say,  as  soon  as  any  Fe^O^  and  H  are  produced,  these  tend  to 

react  with  each  other  to  reform  If^O  and  Fe.    In  other  words, 

the  reaction 

/v, + 4^,0  ^  Fe^O, + 4//, 

can  take  place  in  either  direction  at  the  same  time,  a  fact 
that  is  expressed  by  the  substitution  of  the  sign  ^  for  the 
sign  =  in  such  an  equation. 

It  has  been  seen,  however,  that,  by  passing  steam  over 
red-hot  iron,  the  latter  can  be  completely  oxidised;  that  is  to 
say,  the  equation  7v,+ 4//,0  =  Fe^O^+ \H^  can  be  realised. 
This,  however,  is  only  possible  because  one  of  the  products 
of  the  reaction — ^hydrogen  in  this  case — ^is  in  such  a  physical 
condition  that  it  can  be  removed  from  the  actual  sphere  of 
action — the  tube  in  which  the  reaction  is  performed.  Indeed, 
for  the  complete  oxidation  of  the  iron,  a  large  excess  of  steam 
over  that  indicated  in  the  equation  (72  parts  of  steam  for 
1G8  parts  of  iron)  must  be  passed  through  the  apparatus  con- 
taining the  iron,  in  order  to  sweep  away  the  hydrogen.  If 
the  gas  could  not  be  removed  in  this  manner,  the  complete 
reaction  would  1x5  impossible.  The  same  remarks  apply  to 
the  complete  reduction  of  Ft\0^  by  hydrogen. 

A  reversible  reaction  can  only  become  complete  when  one 
of  the  products  of  the  reaction  is  removed  from  the  sphere 
of  the  action.  Under  any  other  conditions  the  vessel  in 
which  the  reaction  is  proceeding  will  contain  some  of  each 
of  the  reacting  substances  and  some  of  each  of  the  products 
of  the  reaction. 

UALOGEN   DERI V ATI VKS   FROM   OPEX-CIIAIN   ITYDRO- 

C'ARBONS. 

2.  While  studying  the  previous  Papers  on  Organic 
Chemistry^  the  student  will  have  noticed  that,  in  many 
cases,  halogen  derivatives  result  from  the  direct  action  of 
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the   halogens   on   the   hydrocarbons.      While   chloiine   and 

bromine    thus   react   frequently  by  metalepsis,   iodine   can 

hardly  do  so,  unless  an  absorbent  for  HI  (as,  for  instance, 

IlgO)  is  present;  this  is  because  the  metalepsis  is  reversible; 

for  instance: 

CH^-\^I^-:^CHJ^HI 

Since  the  unsaturated  hydrocarbons  generally  combine  with 
the  halogen  to  form  addition  products  (see  Art.  79,  Organic 
Clumistry^  Part  1),  that  are  either  identical  or  isomeric  with 
the  halogen -substituted  saturated  hydrocarbons,  some  other 
method  must  be  resorted  to  in  order  to  prepare  halogen- 
substitution  products  of  luisaturated  hydrocarbons.  They 
are,  consequently,  usually  prepared  either  by  treating  the 
halogen-substituted  saturated  hydrocarbons  with  reagents 
that  will  remove  halogen  hydride,  as,  for  instance, 

C^HJCI^^HCI  =  C^HJOI 

or  by  only  partially  saturating  still  more  unsaturated  hydro- 
carbons, as,  for  instance. 

The  halogen- substitution  products  from  all  hydrocarbons 
are  obtained  by  the  interaction  of  the  alcohols  with  phos- 
phorus halides  (a  halide  is  an  ide  compound  of  a  halogen 
with  another  element,  as,  for  example,  phosphorous  iodide, 
potassium  chloride,  etc.),  or,  what  is  equivalent,  with  phos- 
phorus and  a  halogen.  Examples  of  this  m(xle  of  preparation 
will  be  met  frequently  in  the  succeeding  articles.  In  a  great 
many  cases  the  simple  treatment  of  an  alcohol  with  a  halogen 
hydride,  especially  in  the  presence  of  a  dehydrating  agent, 
will  produce  the  halogen-substitution  product.  The  reaction 
may  be  expressed  through  the  following  general  formula: 

ROH^HX  =  RX+HOrr 

3.  diethyl  Chloride. — Methyl  chloride,  or  viotiochlor- 
mcthane  CH^Cl^  is  formed  when  a  mixture  of  equal  volumes 
of  methane  (marsh  gas)  and  chlorine  is  exposed  to  reflected 
sunlight.  It  is  more  easily  prepared,  however,  by  passing 
HCl  gas  into  a  boiling  solution  of  zinc  chloride  in  methyl 
alcohol,  contained   in   a    flask    connected   with   a   reversed 
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condenser.    The  final  result  of  the  reaction  may  be  expressed 
by  the  equation  ^ 

CH^OII^IICl  =  CH,Cl+H^O 

It  may  also  be  prepared  by  heating  a  mixture  of  1  part 
wood  spirit,  2  parts  common  salt  NaCly  and  3  parts  concen- 
trated sulphuric  acid.  Methyl  chloride  has  found  use  in 
freezing  machines  lately,  and  is  prepared  on  a  large  scale 
from  trimethyl  amine,  obtained  by  distilling  the  refuse  of 
the  bcct-sugar  factories;  this  is  neutralized  with  hydrochloric 
acid,  and  heated  to  200°,  when  it  is  decomposed  into  trimethyl 
amine,  ammonia,  and  methyl  chloride. 

Methyl  chloride  is  a  colorless  gas,  with  a  peculiar  but 
agreeable  odor  and  a  sweetish  taste.  When  exposed  to  0° 
it  may  be  liquefied  by  a  pressure  of  ^\  atmospheres.  The 
liquid  boils  at  22**  at  ordinary  pressure.  It  is  only  slightly 
soluble  in  water.  When  heated  for  a  considerable  time  with 
a  concentrated  solution  of  KOH^  it  is  converted  into  methyl 
alcohol.  Liquid  methyl  chloride  is  employed  in  the  arts  in 
the  prcKluction  of  cold,  and  also,  to  a  very  great  extent,  in 
the  manufacture  of  dycstuffs. 

4.  Kthyl  Chloride. — Ethyl  cliloridc,  or  monochlorctliane 
CJijCly  also  sometimes  called  hydrochloric  cthcr^  may  be 
prepared  in  the  same  way  as  methyl  chloride,  except  that, 
instead  of  using  a  solution  of  zinc  chloride  in  methyl  alcohol, 
a  solution  of  zinc  chloride  in  ethyl  alcohol  is  employed.  It 
may  also  be  prepared  by  heating  in  a  retort  3  parts  oil  of 
vitriol,  2  parts  alcohol,  and  4  parts  ^xy  common  salt.  In 
either  case,  the  vapor  of  ethyl  chloride  should  be  conducted 
through  a  little  tepid  water  in  a  wash  bottle,  and  thence  into  a 
small  receiver  that  is  thoroughly  cooled  by  being  packed  in 
ice  and  salt.  Below  1  ""2.5°,  its  boiling  point,  ethyl  chloride  is  a 
thin,  colorless,  and  excessively  volatile  liquid,  of  a  penetra- 
ting, aromatic,  and  somewhat  alliaceous  odor.  It  is  soluble  in 
10  parts  of  water,  and  burns  with  a  flame  tinged  w4th  green. 

5.  l^roniide  and  Iodide  of  Methyl. — Methyl  bromide 
CII.Br  and  inethvl  iodide  CflJ  ^vq  formed  bv  the  action  of 
either  hydrobromie  or  hydriodic  acid   on   methyl   alcohol. 
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Methyl  bromide  boils  at  4.5°,  burns  feebly,  and  has  an  odor 
resembling  that  of  chloroform.  Methyl  iodide  has  a  pleas- 
ant and  agreeable  odor;  it  boils  at  44°,  and  is  insoluble  in 
water,  but  soluble  in  alcohol.  It  is  used  in  the  manufacture 
of  aniline  dyes. 

6.  Ethyl  Bromide. — Ethyl  bromide  C^H^Br^  also  known 
as  hydrobromic  ether^  is  prepared  by  distilling  a  mixture 
of  8  parts  bromine,  1  part  amorphous  phosphorus,  and 
39  parts  alcohol.  The  distillate  is  washed  with  water,  and 
the  oily  ethyl  bromide  is  separated  and  dried  with  potassium 
carbonate.  It  is  a  very  volatile,  colorless,  refracting  liquid, 
smelling  like  chloroform,  and  having  a  burning  taste.  It  is 
soluble  in  alcohol  as  well  as  in  ether,  but  is  totally  insoluble  in 
water.    It  boils  at  41°.    It  has  been  employed  as  an  anesthetic. 

7.  Ethyl  Iodide. — Ethyl  iodide  C^HJ^  also  known  as 
hydriodic  ethcr^  is  prepared  by  treating  5  parts  red  phos- 
phorus, 70  parts  alcohol,  and  100  parts  iodine,  in  a  retort. 
The  phosphorus  is  introduced  first,  covered  with  part  of 
the  alcohol,  and  heated  to  fusion.  The  rest  of  the  alcohol  is 
poured  u^xjn  the  iodine,  and  the  solution  thus  obtained  is 
allowed  to  flow  gradually  through  a  funnel  into  the  retort. 
The  brown  liquid  is  at  once  decolorized,  and  ethyl  iodide 
distils  over,  which  is  condensed  by  a  good  cooling  apparatus. 
The  distillate,  consisting  of  alcohol  and  ethyl  iodide,  is  again 
poured  on  the  residuary  iodine,  which  is  thus  rapidly  dissolved, 
introduced  into  the  retort,  and  ultimately  entirely  converted 
into  ethyl  iodide.  The  latter  is  washed  with  water  to  remove 
the  alcohol,  digested  with  calcium  chloride,  and  rectified. 

Ethyl  iodide  is  a  colorless  liquid  with  a  pleasant  odor,  and 
has  a  specific  gravity  of  1.03.  It  boils  at  93°,  and  becomes 
brown  on  keeping,  esix»cially  on  exposure  to  light,  iodine 
being  liberated  and  buUine  formed : 

It  is  sparingly  soluble  in  water,  but  quite  freely  soluble  in 
alcohol  and  ether.  It  is  an  important  and  frequently  used 
reagent  in  organic  researches,  being  used  to  introduce  the 
group  CJ^^  into  the  place  of  other  radicals. 
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8,  The  monohalogen-substitution  derivatives  of  the 
paraffins,  higher  in  the  series  than  ethane,  exist  in  isomeric 
forms  that  are  exactly  analogous  to  the  isomeric  alcohols  (see 
Art  11,  Organic  Chemistry^  Part  2),  a  halogen  being  sub- 
stituted for  the  group  OH. 

9,  Dihalogen  derivatives  of  ethane  can  obviously  exist  in 
two  modifications:  CH^X-CH^X^  or  ethylene  ha/ides,  and 
CH^'  CHX^^  or  ethylidcne  haiides.  The  former  are  prepared 
by  the  simple  addition  of  the  desired  halogen  to  ethylene, 
while  the  latter  are  obtained  from  an  aldehyde  by  treatment 
with  a  phosphorus  pentahalide. 

10,  Ethylene  and  Kthylldene  Chlorides. — Ethylene 
chloride  C,//^67„  or  ethcne  dichloride,  has  long  been  known 
by  the  name  of  oil  of  the  Dutch  chemists,  having  been  dis- 
covered by  four  Dutch  chemists  in  1795.  It  may  be  obtained 
by  the  distillation  of  glycol  wuth  phosphorus  pentachloride, 
as  may  be  seen  from  the  following  equation: 

C,H^{0H)^  +  2PCl,  =  C,H^Cl,-y2P0Cl,  +  'lHCl 

It  is,  however,  usually  prepared  by  causing  dry  ethene  gas 
and  dry  chlorine  i^j-as  to  combine  in  a  good-sized  glass  globe 

(see  Fig.  1)  having  a  narrow  neck  at 
the  lower  part,  dipping  into  a  bottle  to 
receive  the  product.  The  gases  arc 
conveyed  by  separate  tubes  to  the 
globe  and  are  allowed  to  mix  there, 
the  ethene  gas  being  kept  a  little  in 
excess.  The  combination  takes  place 
quite  rapidly,  and  the  liquid  product 
trickles  down  the  sides  of  the  globe 
into  the  receiver.  When  a  consider- 
able (|uantity  has  been  collected,  it  is 
agitated,  first  with  water,  and  after- 
wards with  concentrated  sulphuric  acid, 
and  at  last  purified  by  distillation. 
I^'thylene  chloride  (Sp.  Gr.  1.28)  is  a 
Fin.  1.  thin  colorless  liquid  that  has  the  sweet, 
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characteristic  odor  and  taste  of  chloroform.  It  boils  at  83. 5°, 
is  inflammable,  and  bums  with  a  smoky  greenish  flame.  It 
is  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and 
ether. 

Ethylidene  chloride  CH^-CHCl^  is  mostly  prepared  by  the 
action  of  COCl^on  CH^'CHO^  carbon  dioxide  being  liberated. 
It  is  a  colorless  liquid,  smelling  like  chloroform,  and  having 
a  specific  gravity  of  1.198,  and  a  boiling  point  of  57°, 

11,  Ethylene  and  Ethylidene  Bromides. — Ethylene 
bromide  CH^Br-CH^Br  is  obtained  by  saturating  bromine 
with  olefiant  gas.  It  is  an  oily  fragrant  liquid,  and  its 
specific  gravity  is  2.1G3  at  21°.  It  boils  at  about  131°. 
Ethylidene  bromide  CH^-CHBr^  is  prepared  similarly  to 
the  corresponding  chloride.  It  boils  at  110°  to  114°,  and 
decomposes  when  heated  with  water. 

12.  Ethylene  and  Ethylidene  Iodides.  —  Ethylene 
iodide  CHJ'CHJy  also  known  SiSethcfie  di-iodi(h\  is  prepared 
by  heating  iodine  in  olefiant  gas.  It  forms  silky  needles, 
which  may  be  sublimed  in  this  gas,  but  arc  easily  decom- 
posed into  C^H^  and  /,.  Ethylidene  iodide  CH^-CHI^  is 
obtained  by  heating  the  chloride  with  aluminum  iodide: 

or  by  the  addition  of  hydriodic  acid  to  acetylene: 

It  is  a  liquid  that  has  a  specific  gravity  of  2.84,  and  boils 
at  178°. 


13.  Methene  Di-Iodide. — Methene  di-iodide  CIIJ^  is 
prepared  by  the  action  of  strong  hydriodic  acid  on  iodoform 
in  a  sealed  tube  at  150°: 

r///,+///=  ciTj^  +  r, 

It  is  a  yellow,  highly  refractive  liquid,  remarkable  for  its 
high  specific  gravity,  which  is  3.345.  It  is  used  for  deter- 
mining the  s]5ecific  gravity  of  precious  stones.  It  solidifies 
at  2°,  and  boils  at  18-2°. 
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14,  Chloroform.  —  Chloroform  CHCl^^  or  trichlorme- 
thane^  was  discovered  in  1831  by  Soubeiran  and  Liebig.  It 
is  prepared  by  distilling  dilute  alcohol  with  chloride  of  lime 
at  65°.  The  distilled  liquid,  which  consists  chiefly  of  water 
and  chloroform,  separates  in  two  layers;  the  chloroform, 
which  forms  the  bottom  layer,  is  drawn  off,  shaken  with 
strong  sulphuric  acid  to  remove  part  of  the  impurities,  and, 
when  it  has  risen  again  to  the  surface,  is  separated  and 
purified  by  distillation  until  it  boils  regularly  at  61**.  It  is 
now  mostly  prepared  by  substituting  acetone  for  alcohol. 

Chloroform  is  a  thin,  colorless,  very  mobile  liquid,  having 
an  agreeable  but  rather  sweetish  ethereal  odor.  Its  specific 
gravity  is  1.53,  and  its  boiling  point  is  61°.  It  does  not 
take  fire  when  brought  in  contact  with  the  flame.  It  is  but 
slightly  soluble  in  water,  to  which  it  imparts  a  sweet  taste, 
but  it  is  readily  dissolved  by  ether,  as  well  as  by  alcohol. 
It  is  very  much  used  in  the  laboratory  as  a  solvent,  as  it 
dissolves  sulphur,  phosphorus,  fats,  resins,  a  great  number 
of  the  alkaloids,  and,  in  general,  organic  matter  that  is  rich 
in  carbon.  It  is  much  used  in  surgery  as  an  anesthetic.  The 
inhalation  of  its  vapor  produces  insensibility  and  loss  of 
muscular  action,  apparently  without  any  danger  to  life  or 
health,  provided  the  preparation  is  free  from  impurities. 
Strong  sulphuric  acid  does  not  affect  chloroform,  nor  is  the 
acid  colored  by  pure  chloroform.  The  aqueous  solution  of 
potash  does  not  decompose  it,  but  the  alcoholic  solution 
converts  it  into  potassium  chloride  and  potassium  formate, 
as  is  shown  by  the  following*  equation: 

CFfcr^+Ak'o/r  =  'dKCi+ncO'OK+2rrj:> 

If  tlie  chloroform  should  be  contaminated  with  ethylene 
chloride  C,JF^C/.^,  gaseous  chlorethylcne  CJT^Cl  is  evolved. 
When  chloroform  is  heated  with  an  alcoholic  solution  of 
potash  and  aniline,  ]:)hcnvl  carbamine  H.C^-NC  is  fonned; 
this  compound  has  a  very  strong,  characteristic  odor,  and 
tlms  forms  a  very  delicate  and  easily  recognizable  test  for 
cliloroform.  When  chloroform  and  an  alcoholic  solution  of 
ammonia   are    together   heated   at   1^<0°   in   a  sealed   tube, 
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ammonium  chloride  and  ammonium  cyanide  arc  formed, 
according  to  the  equation: 

ammonium      ^„„„,m^ 
chloride         ^y^^^^® 

When  heated  with  potassium  amalgam,  chloroform 
evolves  acetylene: 

and  when  heated  with  sodium  ethoxide,  it  is  converted  into 
orthoformic  ether, 

15,  Iodoform. — Iodoform  C7//„  also  known  as  fri- 
iodomethane^  is  a  solid,  yellow,  crystallizable  substance  that 
is  formed  by  the  simultaneous  action  of  iodine  and  an  alka- 
line hydrate  on  alcohol  and  many  other  organic  substances. 
It  is  usually  prepared  by  dissolving  2  parts  of  crystallized 
sodium  carbonate  in  10  parts  of  water  and  1  part  of  alcohol ; 
the  solution  is  heated  to  80°,  and  1  part  of  iodine  is  added  in 
small  portions  at  a  time.  The  iodoform  thus  formed  sepa- 
rates in  yellow  scales.  Iodoform  crystallizes  in  brilliant, 
yellow,  hexagonal  scales;  it  has  a  peculiar  and  characteristic 
odor,  resembling  saffron.  It  fuses  at  about  115°,  and  may 
be  sublimed  with  slight  decomposition.  It  is  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether.  It  is  used  in 
medicine  and  surgery  as  an  antiseptic.  When  boiled  with 
potash,  it  is  partly  volatilized  with  the  steam,  and  partly 
decomposed,  yielding  potassium  iodide  and  formate.  The 
production  of  iodoform  is,  as  has  been  previously  mentioned, 
a  very  delicate  test  for  alcohol,  though  it  must  not  be  for- 
gotten that  many  other  organic  substances  also  yield  it. 

16.  Bromoform. — Bromoform  CHBr^  is  usually  pre- 
pared by  the  action  of  bromine  on  some  alkaline  hydrate 
dissolved  in  either  alcohol  or  acetone.  Potassium  hydrate 
is  dissolved  in  its  own  weight  of  crude  methyl  alcohol,  and 
to  the   solution,    which   is   thoroughly  c(K.)lcd,   bromine  is 
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added,  in  small  portions  at  a  time,  ulitil  the  liquid  obtains  a 
permanent  color.  The  product  is  agitated  with  water,  and 
the  oily  liquid  that  separates  is  washed,  dried,  and  rectified. 
Bromoform  is  an  oily  liquid  that,  in  most  of  its  properties, 
resembles  chloroform.  It  boils  at  about  160^,  is  insolubk 
in  water,  but  dissolves  in  alcohol  and  ether. 

1 7.  Chlor iodoform  CHICl^  is  produced  by  distilling  iodo- 
form with  HgC\.  It  is  a  yellow  liquid  that  boils  at  131*. 
Trichlar propane  CJJjCl^  exists  in  four  modifications,  which 
may  be  represented  by  the  following  formulas: 

CH^CH^CCl^ 
CH^CHCICHCI^ 
CH^'Ca^'CHJOl 
CHJCICHCICHJOI 

The  last  of  these  formulas  represents  a  oompound  known 
as  glyceryl  tric/ihride  or  trichlorhydrin^  which  is  the  most 
important  of  them.     It  may  be  prepared  by  the  action  of 

phosphoric  chloride  on  glycerine,  as  is  seen  from  the  follow- 
ing equation : 

cjrxoii),+2PCi,  =  cjr,ci,+^HCi+^POci, 

It  is  a  liquid  with  an  odor  resembling  that  of  chloroform;  it 

has  a  specific  gravity  of  1.4'^  at  15°,  and  boils  at  158°.     It  is 

sparingly  soluble  in  water.      Tribromhydrin   C^H^Br^  is  a 

crystalline  solid  that  is  obtained  by  the  action  of  bromine  on 

allvl  iodide : 

<:///+  3  Br,  =  I  Br  +  C,H,Br, 

It  cr}^stallizes  in  shining  prisms,  melts  at  16°,  and  boils  at 
about  220°.  The  corresponding  iodine  compound,  tri-iodo- 
hydrin,  docs  not  appear  to  be  capable  of  existing. 

18.  Allyl  CoinpoiiiKls.— .i//r/r//AW^/r  C//, :  CHCH^O 

is  obtained  by  the  distillation  of  phosphorus  trichloride  with 
allyl  alcohol.  It  is  a  liquid  with  a  pungent  odor,  and  is 
insoluble  in  water.  Its  specific  gravity  is  .95,  and  its  boiling 
point  4G°.     Allyl  bromide  CJIJh  is  obtained  by  distilling 
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propene  bromide  CJI^Br^  with  an  alcoholic  solution  of 
potash,  and  is  obtained  as  a  liquid  having^  a  specific  gravity 
of  1.42.  It  boils  at  02°.  Ally  I  iribromidc  CJI^Br^  is 
obtained  by  adding  bromine  to  the  monobromide.  It  is  a 
liquid  that  solidifies  below  10°;  its  specific  gravity  is  1.430, 
and  its  boiling  point  217°.  Ally  I  iodide  C\HJ  is  obtained 
by  distilling  glycerine  with  phosphorus  tetriodide.  It  is  a 
liquid  with  a  very  strong  smell  resembling  that  of  leeks;  it 
boils  at  101°,  and  has  a  specific  gravity  of  1.8o.  It  combines 
with  mercury  to  yield  mercury  ally  I  iodide  Hg^CJIJ^  form- 
ing colorless  crystals  that,  on  exposure  to  light,  change  their 
color  to  yellow,  and  yield  HgTjC^HJ  when  treated  with 
iodine.  In  the  presence  of  water,  Agfi  replaces  the  iodine 
by  OH,  producing  mercury  ally  I  hydroxide  HgC^H^-OH. 


HALOGEN  DERIVATIVES  FROM  CLOSED-CHAIN  HYDRO- 
CARBONS. 

19.  Halogen  derivatives  from  closed-chain  hydrocarbons 
may  be  either  substitution  or  addition  products,  and  the  sub- 
stitution or  addition  may  either  occur  in  the  closed-chain 
nucleus  or  in  the  side-chain.  Thus,  while  only  one  com- 
pound of  the  formula. C^//jA' exists,  there  are  two  of  the 
formula  C,//,X;  namely,  C^H^XCH^^nd  CJ/^-C/f^X,  etc. 
It  has  been  found  that,  as  a  rule,  those  compounds  that  are 
formed  by  substitution  into  the  nucleus  are  more  stable  than 
the  open-chain  substitution  products.  If,  for  instance,  the 
open-chain  substitution  product  CJI^Cl  is  treated  with 
Ag^OyH^Oy  the  compound  CJ/^- 01/  will  be  readily  formed, 
while  the  closed-chain  substitution  product  CJf^Cl  will 
remain  unaltered  under  the  same  treatment  with  the  same 
reagent.  The  side-chain  substitution  products  are,  however, 
less  stable,  and  behave  in  the  same  manner  as  the  open- 
chain  derivatives.  The  direct  action  of  halogens  on  benzene 
itself  produces,  chiefly,  substitution  products.  In  the  case 
of  its  homologues,  nuclear  substitution  (i.  c.,  substitution 
into  the  closed  chain  or  nucleus)  occurs  if  the  action  takes 
place  in  the  cold,  and,  preferably,  in  the  dark,  and  with  the 
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addition  of  iodine;  while,  with  the  help  of  heat  and  light, 
side-chain  substitution  products  are  procured.  Thus,  tolu- 
ene C^ff^' CH^  yields  CJHffir-CH^  when  treated  with  bro- 
mine at  norm^  temperature,  but  CJl^-CH^Br  when  thus 
treated  at  higher  temperatures.  ^ 

20.  nalosen  IlerivatlTes  of  Benaene. — Chlorobenzem 
C^HjCl^  also  known  as  pttenyl  chloride^  may  be  obtained  by 
passing  chlorine  through  bemsene,  or  by  the  action  of  phos- 
phorus pentachloride  on  phenol  CJIflH^  according  to  the 

equation : 

It  is  a  strongly  refractive  colorless  liquid  that  boils  at  132^ 
Bromobenzcne  C^H^Br  is  prepared  in  a  similar  >eay  to  chloro- 
benzene;  it  boils  at  156®. 

lodobensene  CJIJ  is  obtained  by  heating  benzene  with 
iodine  and  iodic  acid  to  about  226^  By  dissolving  iodoben- 
zene  in  CHCl^  and  passing  CI  through  the  solution,  dukloro- 
benzene  CJJJ\  Cl^  is  obtained.  The  student's  attention  may 
here  be  drawn  to  the  fact  that  iodine  in  this  compound  is 
trivalcnt. 

21,  Chlorine  Derivatives  of  Toluene  and  Naph- 
thalene.— Chlorotoluenes  CJi^Cl^CH^  are,  formed  by  the 
action  of  chlorine  on  cold  toluene.  Benzyl  chloride 
C^H^-CH^Cl  is  obtained  bypassing  chlorine  gas  into  boil- 
ingf  toluene.  Bcnzal  ehloride  C^H^CHCl^  and  benzotrichhh 
ride  CJl,^'CCl^  are  formed  similarly  to  benzyl  chloride,  the 
saturation  with  chlorine  being  continued  until  the  weight  of 
the  particular  compound  has  been  reached.  Benzal  chloride 
boils  at  ^00'',  while  benzotrichloride  boils  at  212**.  Two  of 
each  of  the  mono-halogen  substitution  products  of  naphtha- 
lene are  known;  namely,  a-chloronaphthalene  C^^H^Cl  and 
P-ehloronaphthaicne.  a-chloronaphthalene  is  prepared  by 
passing  chlorine  into  boiling  naphthalene;  it  is  a  colorless 
liquid  that  boils  at  2(5'5^  /i-chloronaphthalene  is  prepared 
by     treating     i3-naphthol     C^JI^OII    with     phosphorus 
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pentachloride.     It  is  a  crystalline  body  that  melts  at  61° 
and  boils  at  257°. 

When  chlorine  gas  is  passed  into  naphthalene  at  a  low 
temperature  (chlorinated^  as  it  is  usually  called),  naphthalene 
tetrachloride  C^JIjCl^  is  obtained.  This  compound  crystal- 
lizes in  colorless  rhombohedra;  it  melts  at  182°,  and  is  con- 
verted into  C^JI^Cl^  by  boiling  with  KOH, 


HALOGEX  DKRIVATIVES  OF  AL.DEITYDES  AND  ACIDS. 

33.  Most  of  these  derivatives  are  of  minor  interest  in 
the  arts,  and  only  the  most  important  of  them  can  here  be 
mentioned. 

33.  CYi\ora\ac\iyaes^.—Monochloraldehyde  CIIjCl-  CHO 
is  only  known  in  its  aqueous  solution.  It  is  prepared  by 
the  action  of  concentrated  sulphuric  acid  on  chloracetal 
CII^ClCH{OC^H^)^.  It  is  a  rather  unstable  compound  that, 
by  exposure  to  air  or  the  action  of  silver  oxide,  is  con- 
verted into  chloracetic  Q.ci(\  CH^Cl'COJL  Dichloraldehyde 
CHCl^CHO  is  prepared  similarly  to  monochloraldehyde, 
substituting  only  dichloracetal  CHCl^'CH{OCJf^^  for 
chloracetal.  It  is  a  liquid  that  boils  between  88°  and  1)0°, 
and,  on  being  kept  for  some  length  of  time,  is  slowly  con- 
verted into  two  solid  polymeric  modifications.  One  is  amor- 
phous, and  is  reconverted  into  the  liquid  dichloraldehyde  by 
heating  it  at  120°.  The  second  variety  is  of  crystalline  struc- 
ture, and  crystallizes  from  alcohol,  dichloraldehyde  being 
insoluble  in  water;  in  large  prisms,  these  melt  at  130°,  but 
the  molten  mass  docs  not  pass  into  the  liquid  modification 
until  it  is  heated  to  240°.  The  most  important  of  the  chlor- 
aldehydes  is  trichloraldchyde  CCI^-COII,  popularly  known 
as  chloral.  It  was  discovered  in  18:52  by  Liebig,  while 
engaged  in  studying  the  actions  of  chlorine  on  the  alcohols. 
It  is  obtained  by  the  prolonged  action  of  chlorine  on  alcohol. 
To  prepare  it,  dry  chlorine  is  passed  into  absolute  alcohol, 
the  latter  being  placed  in  a  vessel  surrounded  by  ice  or  very 
cold  water,  at  the  beginning  of  the  action.     This  precaution 
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is  necessary,  because  the  absorption  of  the  chlorine  gas  by 
the  alcohol  creates  considerable  heat  The  passage  of  the 
chlorine  into  the  alcohol  is  continued  for  several  hours,  and 
when  the  absorption  of  the  gas  begins  to  slacken,  the  alcohol 
is  carefully  heated  to  near  its  boiling  point  to  accelerate  the 
absorption,  and  the  passage  is  only  stopped  when  positively 
no  more  chlorine  is  absorbed.  The  product  is  agitated  with 
three  times  its  own  volume  of  strong  sulphuric  acid,  and  the 
whole  is  then  gently  heated  on  the  water  bath,  when  the 
impure  chloral  begins  to  separate  and  soon  floats  as  an  oily 
liquid  on  the  surface  of  the  add.  It  is  then  removed  and 
purified  by  repeated  distillation;  The  principal  reaction 
involved  in  this  process  may  be  expressed  by  the  following 
equation : 

CH^'CH^'OH+^a^  =  bHCi^CCt^CHO 

but  the  HCt  formed  acts  on  part  of  the  alcohol,  forming 
ethyl  chloride  and  water.  Chloral  has  also  been  obtained 
from  starch,  by  distillation  with  hydrochloric  add  and  man- 
ganese dioxide. 

Chlonil  is  a  thin,  oily,  colorless  liquid;  its  specific  gravity 
is  1.5,  and  its  boiling  point  1)7°.  It  is  nearly  tasteless,  but 
has  a  pungent,  tcar-cxeiting  odor,  and  it  irritates  the  skin 
when  brought  in  contact  with  it.  On  exposure  to  air,  it 
readily  absorbs  moisture,  and  is  converted  into  crystalline 
chloral  hydrate  CCi^'CIf{OH)^y  which  may  be  obtained  at 
once  by  dropping  a  little  water  into  chloral  and  stirring  it. 
Chemically  pure  chloral  can  be  preserved  without  undergoing 
transformation,  but  in  the  presence  of  impurities,  espedally 
sulphuric  acid,  it  soon  becomes  opaque  and  is  changed  into 
a  white  mass  of  metachloral  or  insoluble  chloral  that  is 
insohible  in  water,  alcohol,  and  ether,  while  chloral  itself 
is  freely  soluble  in  alcohol,  ether,  and  water.  Chloral 
resembles  aldehyde  in  forming  crystalline  compounds  with 
hydrosodium  sulphite,  and  in  giving  a  mirror  of  silver  with 
si  Ivor- ammonium  nitrate.  With  ammonia,  chloral  forms 
CCi^'Cff(!VI[,){0!f),  corresponding  with  aldehyde  ammo- 
nia.    Zinc  and  IICl  substitute  //,  for  C7„  converting  the 
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chloral  into  aldehyde.  By  nitric  acid,  chloral  is  oxidized  to 
trichloracetic  acid  CCl^COJi^  which  is  a  colorless,  extremely 
deliquescent  substance,  possessing  a  caustic  taste  and 
strong  bleaching  properties;  it  boils  at  190°.  When  heated 
with  KCN  and  water,  chloral  yields  dichloracetic  acid 
CHCl^'CO^H^  according  to  the  equation: 

CCl,'COH+KCN+H^O  =  CHCl^'COJ{+KCl'{-HCN 

The  alkaline  hydrates  decompose  chloral  into  chloroform, 
and  a  formate,  as  may  be  seen  from  the  following  equation: 

CCl^'COff  +   KOff  =   KCHO^  +   CHCl, 

^^^-1  ^;n^      ^Z^      ^^^o-^o- 

24.     Chloral  Hydrate.— Chloral  hydrate  CCl^'CH{OH)^ 

results,  as  has  been  previously  stated,  from  the  union  of 
chloral  and  water.  It  is  technically  prepared  on  a  very 
extensive  scale.  It  consists  of  large  prismatic  crystals  that 
fuse  at  57°  and  distil  at  90°  to  98°.  Cliloral  hydrate  is  very 
soluble  in  water  and  alcohol,  imparting  to  these  liquids  its 
peculiar  odor  and  biting  taste.  When  heated  to  97°,  it  dis- 
associates into  chloral  and  steam,  but  reforms  again  on 
cooling.  When  taken  internally  it  produces  sleep,  a  property 
that  was  discovered  by  Licbreich  in  1809.  A  compound 
obtained  similarly  to  chloral  hydrate  is  chloral  alcoholate 
CCl^'CH'OH'OC^H^\  it  is  produced  when  chloral  is  dis- 
solved in  alcohol. 

35,  Aldehyde  Derivatives.  —  Tribromaldchyde 
CBr^'CHOy  also  known  as  broinal,  is  analogous  to  chloral. 
It  boils  at  172°  to  173°,  and,  if  heated  with  alkali  hydrates, 
is  decomposed  into  bromoform  and  a  formate.  Higher 
chlorine-substitution  products  of  the  aldehydes  are:  chlor- 
propionic  aldehyde  CH^Cl-  CH^-CHO,  prepared  from  acrolein 
CH^ :  CH'  COH  and  hydrochloric  acid ;  chlorhutyral  aldehyde 
CH^'CHCl'CH^'CHO,  produced  from  crotonaldehyde 
CH^'CH:  CH-CHO  by  the  addition  of  hydrochloric  acid; 
trichlorbutyral  aldehyde  CH^'CHCl-CCl^'CllO,  also  known 
as  butylchloral,  which  boils  at  1 03°  to  1  f;5°,  and  whose  hydrate, 
butylchloral  hydrate  CH^CIICl^  CCl,-  CH{OH)^,  melts  at  78°, 
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and  is  decomposed  by  alkalies  into  formic  add,  an  alkali 
chloride,  and  dichlorpropylene  CH^-  CClx  CHCL 

26.  Aold  Ualoldfl.— The  haloid  anhydrides  of  the  adds 
or  acid  haloids  are  those  derivatives  that  arise  in  the  replace- 
ment of  the  hydrozyl  of  addsby  halogens;  they  are  the 
halogen  compounds  of  the  add  radicals.  They  are  analogous 
to  certain  inorganic  compounds;  thus,  if  in  nitrous  add 
NOOH  the  hydroxyl  group  is  replaced  by  Cl^  nitrosyl 
chloride  NOCl  is  obtained,  and,  if  in  acetic  acid  £W,-  COOH^ 
the  hydroxyl  group  is  replaced  by  Cl^  we  obtain  acetyl  chlo- 
ride CHJOOCL 

27.  Acetyl  Chloride.— Acetyl  chloride  C//.- COCl,  also 
known  as  acetic  chloride^  was  discovered  by  Gerhardt  in  1852. 
It  is  prepared  by  distilling  sodium  acetate  with  phosphorus 
pentachloride: 

NaCJIfi^  +  PCl^  =  CH^'COa  +  NaCl+POCi^ 

sodium  acetate  acetyl  chloride 

Acetyl  chloride  is  a  colorless  liquid  with  an  irritating  odor, 
and  fumes  in  the  air.  Its  spedfic  gravity  is  1.11,  and  it  boils 
at  55°.  If  poured  into  water,  it  sinks  to  the  bottom  of  the 
vessel  and  rapidly  decomposes  into  acetic  and  hydrochloric 
acids.  If  mixed  with  alcohol  instead  of  water,  ethyl  acetate 
is  produced,  as  is  seen  from  the  following  reaction: 

CH,CO'Cl+C,H,OH  =  CH^'CO'OC,H,+HCl 

38,  IIomolofiTues  of  Acetyl  Chloride. — ^Among  the 
homologues  of  acetyl  chloride  that  are  known  are :  propyonyl 
chloride  C^H^'COCly  butyryl  chloride  C^H^-COCly  valeryl 
chloride C^H^'COCly zxA palviityl chloride C^^H^^-COCl;  like- 
wise, acetyl  bromide  CH^'COBr^  and  acetyl  iodide  CHJCOL 
A  chloride  of  formic  acid  which  would  have  the  formula 
HCO'Cl  docs  not  exist,  the  compound  always  breaking  up 
as  rapidly  as  formed,  into  CO  and  HCl. 

29.  Other  CiaovXaes.— Benzoyl  chloride  CJI^COCU 
also  known  as  benzoic  chloride^  is  prepared  by  distilling 
phosphonis  pentachloride  with  benzoic  acid : 

C,H,'CO,H+PCl,  =  POCl,^-C,H^COCl^HCl 
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It  is  a  highly  refractive  liquid,  with  an  irritating  odor. 
Its  specific  gravity  is  1.11,  and  its  boiling  point  IDO"".  It  is 
decomposed  by  water  into  benzoic  and  hydrochloric  acids,  as 
is  seen  from  the  following  equation : 

Ammonia  converts  it  into  benzamide: 

The  corresponding  bromide  and  iodide  are  obtained  from 
benzoyl  chloride  by  heating  it  with  KBr  or  K/,  Cinnafnic 
chloride  C^H^  •  CO  CI  is  obtained  similarly  to  benzoyl  chloride ; 
it  is  an  oily  liquid  that  boils  at  200°.  Other  similar  com- 
pounds known  are  lactic  chloride  C^H^Cl-COCly  salicylic 
chloride  C^H^Cl-COCl,  succinyl  dichloride  CJiJi^COCl)^, 
fiimaryl  dichloride  CJI^{COCl)^,  and  chloromalcic  chloride 
CJICl(COCl)^y  which  is  obtained  by  heating  tartaric  acid 
with  phosphorus  pentachloride. 


ETIIKREAL   SAIiTS. 


ETHEREAIi  SALTS  FROM  ACIDS. 

30.  Ethereal  salts,  also  known  as  esters^  form  a  large 
group  of  rather  important  salts.  Their  composition  may  be 
compared  with  that  of  the  salts  formed  by  the  substitution 
of  metals  for  hydrogen  in  acids,  and  which  are  obtained  by 
analogous  methods.  Ethereal  salts  are  formed  from  either 
inorganic  or  organic  acids  by  any  of  the  following  three 
methods;  namely, 

1.  By  the  direct  action  of  the  acid  on  the  alcohol;  for 
example, 

C.H^'OII+CH^COOII  =  CJT^'0'CJI,0-\-IT^O 

ethylic  acetate 

2.  By  the  action  of  the  acid  chlorides  on  the  alcohols  or 
their  sodium  compounds;  for  example, 

C,H,OCl  +  C.H^OH  ^  C,H,0'O^C,n,  +  HCl 


18  ORGANIC  CHEMISTRY.  §  14 

3.  By  the  action  of  the  halogen  derivatives  of  the  hydro- 
carbon on  the  silver  salt  of  the  acid;  for  instance. 

The  ethereal  salts,  like  the  metallic  salts^  are  decomposed 
by  the  hydrates  of  the  alkali  metals,  forming  an  alcohol  that 
corresponds  with  the  radical  ci  the  ethereal  salt,  and  a  salt 
of  the  alkali  metal ;  if,  for  instance,  ethyl  acetate  is  heated 
with  KOH^  ethyl  alcohol  and  potassium  acetate  are  formed, 
as  is  seen  from  the  following  equation: 

C7^,.  COJCJI^ + KOH  =  C,^,.  OH^  CH,-  COJK 

A  reaction  of  this  kind  is  termed  saponification  of  the 
ethereal  salt,  because  the  formation  of  soap  is  affected  in  a 
similar  manner  by  the  action  of  alkalies  on  the  fats  and  oils, 
which  are  ethereal  salts  formed  by  gljrcerine  with  the  higher 
members  of  the  acetic  series  of  acids. 


31,  Methyl  Ilydrogen  Sulphate. — Methyl  hydrogen 
sulphate  HCII^SO^y  which  is  also  frequently  called  methyl 
sulphuric  acid  or  sulpho-mct hylic  acid^  is  prepared  by  care- 
fully and  slowly  mixin^j^  1  part  by  weight  of  methyl  alcohol 
with  2  parts  by  weight  of  concentrated  sulphuric  acid,  and 
heating  until  the  mixture  boils.  After  thoroughly  cooling, 
it  is  diluted  with  w^ater,  neutralized  with  barium  carbonate, 
wliich  precipitates  any  free  sulphuric  acid  as  barium  sul- 
phate, and  leaves  barium  sulpho-methylate  in  solution. 
After  the  precipitated  barium  sulphate  is  filtered  off,  the 
1)ariuni  sulpho-methylate  is  evaporated,  first  over  the  water 
bath  and  at  the  end  in  vacuum,  when  the  barium  salt  is 
obtained  in  beautiful,  square,  colorless  crystals  that  have 
the  composition  Ba{C  I  I ^SO  ^^."lAq,  These  crystals  efflo- 
resce in  the  drv  air,  and  are  verv  soluble  in  water.  When 
they  arc  dissolved  in  water  and  the  barium  precipitated  with 
an  equivalent  amount  of  sulphuric  acid,  a  solution  of  sulpho- 
mcthylic  acid  is  obtained,  which,  on  being  allo^ved  to  evap- 
orate in  the  air,  forms  a  thick,  syinipy  liquid.     The  reaction 
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taking  place  between  methyl  alcohol  and  sulphuric  acid  may 
be  expressed  by  the  following  equation : 

It  should  here  be  remarked  that  the  reaction  can  never  be 
complete,  as  it  is  a  reversible  one.  Methyl  sulphuric  acid  is 
a  very  unstable  compound,  being  readily  decomposed  by 
heat.  The  basic  hydrogen  in  methyl  sulphuric  acid  may  be 
replaced  by  an  equivalent  weight  of  a  metal,  forming 
sulpho-mcthylates;  as,  for  instance,  CII^KSO^  potassium 
snlpho-mcthylate.  All  sulpho-methylates  are  readily  soluble 
in  water. 

32.  Methyl  Sulphate.— Methyl  sulphate  (CH^^SO^  is 
prepared  by  distilling  a  mixture  of  8  parts  of  sulphuric  acid 
and  1  part  of  strong  alcohol.  That  portion  wliich  distils  at 
150°  is  agitated  with  water  and  purified  by  rectification  from 
powdered  anhydrous  baryta.  Methyl  sulphate  is  a  colorless, 
oily  liquid,  of  alliaceous  odor;  its  specific  gravity  is  1.32,  and 
it  boils  at  188°.  It  is  neutral  to  test  pajxjr,  and  does  not  dis- 
solve in  water,  but  is  decomposed  by  that  liquid — slowly  in 
the  cold,  but  rapidly  and  with  violence  at  a  boiling  tempera- 
ture— into  methyl  alcohol  and  sulpho-mcthylic  acid.  Many 
of  its  reactions  resemble  those  of  the  inorganic  salts;  thus, 
if  distilled  with  NaCl^  it  yields  methyl  chloride  and  Na^SO^. 
With  sodium  formate  it  yields  methyl  formate  and  Na^SO^. 

33.  Hulphethyllc  Acid.— Sulphethylic  acid  IICJI^SO^, 
also  known  as  cthyl'SulpJiuric  aciii  ov  sulpJiovinic  acid,  which 
has  the  composition  of  sulphuric  acid  fl^SO^  with  half  of  the 
hydrogen  replaced  by  ethyl,  is  prepared  in  a  similar  way  to 
methyl-sulphuric  acid,  employing,  however,  equal  weights 
of  alcohol  and  sulphuric  acid.  It  is  a  viscid  liquid,  with 
properties  and  reactions  similar  to  those  of  methyl-sul- 
phuric acid.  The  sulphcthylatcs  or  ethyl  sulpliates  are 
soluble  and  easilv  cn'stallizable  salts.  Calciuin  ethyl  sul- 
phate  crystallizes  in  beautiful,  colorless  crystals,  containing 
Ca{C\H^^{SOXAlI^O.  They  are  S()hil)lc  in  water,  and  efflo- 
resce in  dry  air.  Barium  ethyl  sulphate  I>a(C\II^)^{SOXi  '^H^O 
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is  readily  soluble  in  water,  and  forms  remarkably  handsome 
cr>'stals.  Potixssiiim  ethyl  sulphate  KC^HJSO^^  readily  pre- 
piircd  by  decomposing  calcium  ethyl  sulphate  with  potassium 
carbonate,  is  anhydrous,  very  soluble  in  water  and  perma- 
nent in  air. 

34.  Ethyl  Sulphate,— Ethyl  sulphate  (C,^J, 5(9,,  which 

represents  sulphuric  acid  in  which  both  hydrogen  atoms 
have  been  replaced  by  two  ethyl  groups,  is  formed  when 
silver  sulphate  is  heated  with  ethyl  iodide,  double  decom- 
position taking  place ;  thus: 

Ethyl  sulphate  is  an  oily,  fragrant  liquid;  its  specific 
gravity  is  1. 18,  and  it  boils  at  208°.  It  is  insoluble  in  water, 
and  is  not  decomposed  by  it  at  ordinary  temperature,  but 
when  heated  with  it,  it  is  decomposed  into  alcohol  and  ethyl 
sulphuric  acid.  When  exposed  to  heat  by  itself,  it  is  decom- 
posed into  ethene  C^H^  and  H^SO^,  Sulphamylic  acid,  or  amyl 
sulphuric  acid,  HCJI^^SO^  is  similarly  prepared. 

35,  Potassium  Phenyl  Sulphate.  —  Phenyl  sul- 
phuric acid  docs  \\<<A  exist,  but  potassium  phenyl  sulphate 
SO.^-OCJf,'OK  is  obtained  by  the  prolonged  action  of 
potassium  bisulpliatc  on  phenol  dissolved  in  potash: 

The  product  is  extracted  with  hot  alcohol,  from  which  it 
crystalUzes  in  tables  that  are  soluble  in  water.  Itisdccom- 
])()sed  when  exposed  to  moist  air,  or  by  boiling  wuth  either 
water  or  dihite  hydrochloric  acid,  yielding  phenol  and 
hy(lr()])otassium  sulphate,  as  may  be  seen  from  the  following 
e(|uation: 

Potassium  pliunyl  sulphate  occurs  in  minute  quantities  in 

urine. 

•30,  i:(byl  Xilriito.  —  Kthyl  nitrate  CM^-XO^,  also 
kuown  as  )iilric  cihir,  is  prepared  by  the  direct  action  of 
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chemically  pure  nitric  acid  on  alcohol.  Its  preparation  on  a 
large  scale  is  to  be  avoided,  as  it  would  most  likely  result  in 
an  explosion.  It  is  prepared  by  heating  80  grams  of  nitric 
acid  (Sp.  Gr.  1.40)  with  about  2  grams  of  urea  nitrate  on  a 
steam  bath;  the  urea  nitrate  is  added  to  decompose  any 
nitrous  acid  present.  When  the  acid  has  become  perfectly 
cool,  15  grams  more  of  urea  nitrate  and  then  CO  grams  of 
alcohol  (Sp.  Gr.  .81)  are  added.  The  mixture  is  carefully 
distilled,  and  collected.  The  nitric  ether  is  separated  from 
the  alcohol  in  the  distillate,  by  the  addition  of  water,  shaken 
with  the  addition  of  a  very  little  potash,  the  lower  layer 
separated,  allowed  to  stand  over  fused  calcium  chloride,  and 
distilled.  The  reaction  between  the  alcohol  and  the  nitric 
acid  is  as  follows: 

The  decomposition  of  the  nitrous  acid  by  the  urea  is 
expressed  by  the  following  equation: 

When  alcohol  is  mixed  with  ordinary  nitric  acid,  which 
usually  is  more  or  less  contaminated  with  nitrous  acid,  tlic 
latter  oxidizes  the  alcohol  to  aldehyde  and  other  products 
that  act  on  the  nitric  acid  in  a  very  violent  and  even  some- 
times in  an  explosive  manner;  but  when  urea  is  present, 
the  nitrous  acid  acts  on  this  instead  of  on  the  alcohol,  and 
ethyl  nitrate  is  safely  produced.  Ethyl  nitrate  is  a  colorless, 
pleasant-smelling  liquid,  boiling  at  8G°  and  having  a  specific 
gravity  of  1.112  at  15"^.  It  is  almost  insoluble  in  water,  and 
burns  with  a  white  flame.  It  will  explode  if  suddenly 
exposed  to  a  high  temperature.  Alcoholic  solution  of  potash 
converts  it  into  KNO^  and  alcohol. 

37.  Ethyl  Nitrite.— Ethyl  nitrite  CJ/^.Vc\  is  produced 
by  the  direct  action  of  nitric  acid  on  alcohol,  the  nitric 
radical  NO^  being  reduced  to  the  nitrous  radical  JVO^  by 
the  conversion  of  part  of  the  alcohol  into  aldehyde.  Pure 
ethyl  nitrite  is  prepared  by  mixing  oO  cubic  centimeters  of 
a  solution   containing  23  grams   of  potassium  nitrite  with 
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25  cubic  centimeters  of  alcohol,  and  allowing  the  mixtnre  to 
run  slowly  into  a  cool  mixture  of  25  cubic  centimeters  of 
alcohol,  50  cubic  centimeters  of  water,  and  37^  cubic  centi- 
meters  of  sulphuric  acid.  The  ethyl  nitrite  distils  over  bj 
the  heat  of  the  reaction,  and  is  condensed  in  a  receiver 
packed  in  ice.  It  is  purified  by  shaking  with  a  little  dry 
potassium  carbonate.  It  is  a  mobile,  yellowish  liquid,  of 
specific  gravity  .047  at  15^  and  boils  at  16^  It  is  insoluble 
in  water,  and  has  an  odor  resembling  that  of  apples.  It  is 
the  active  ingredient  of  the  so  called  sweei  spirit  of  niter 
(spiritus  atheris  nitrosi)  used  in  medicine.  When  ethyl 
nitrite  stands  with  water  it  gradually  decomposes,  nitrogen 
oxide  being  eliminated,  and  an  explosion  may  eventually 
occur  under  suitable  conditions.  Hydrogen  sulphide  changes 
ethyl  nitrite  into  ammonia  and  alcohol. 

38.  Nitrate  and  Nitrite  of  Methyl.— Methyl  nitrate 
CH^NO^  is  prepared  by  distilling  1  part  of  niter  ajid  1  part 
of  methyl  alcohol  with  2  parts  of  sulphuric  add.  The  appli- 
cation of  external  heat  is  not  necessary,  as  the  heat  produced 

by  the  reaction  is  (luite  sufficient  to  make  the  methyl  nitrate 
distil  over.  It  is  a  colorless  liquid  of  specific  gravity  1.182, 
and  boils  vX  (K)°.  When  struck  with  a  hammer  or  heated 
to  150"*,  it  explodes  quite  violently.  Methyl  nitrite  CHJiO^ 
is  produced  by  the  action  of  nitrous  acid  on  methyl  alcohol. 
It  is  a  g^aseous  body,  of  pleasant  odor,  that  condenses  at 
very  low  temperature  to  a  yellowish  liquid  that  boils  at 
about  —120°. 

39.  Other  Kthereal  Salts.— The  ethereal  salts  formed 
by  phosphoric  aeid  are  of  little  importance  in  the  arts,  and 
will  uot  be  considered  here.  Ethyl  arsenite  {C^/f^^AsO/\^ 
obtained  bv  the  aetion  of  sodium  ethoxide  and  arsenious 
ehloride,  as  is  seen  from  the  following  equation: 

Rihyl  borate  [CJI^BO^,  also  known  as  horic  etJur,  is 
fonned  by  the  action  of  boron  trichloride  on  absolute  alcohol. 
It  is  a  colorless  limpid  liquid  that  boils  at  120°.      Its  vapor 
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bums  with  a  green  flame.  Water  decomposes  it  into  boric 
acid  and  alcohol.  Ethyl  silicate  (CJI^^SiO^^  also  known  as 
silicic  etlier^  is  obtained  by  treating  silicic  chloride  with  a 
small  quantity  of  anhydrous  alcohol : 

4.C,H^'0H+SiCl,  =  {C,H,),SiO,  +  '^fiCl 

It  is  a  colorless  liquid  with  a  rather  pleasant  odor,  and  a 
taste  similar  to  that  of  pepper.  Its  specific  gravity  is  .1)33, 
and  it  boils  at  105  \  Its  vapor  burns  with  a  bright  flame, 
evolving  clouds  of  SiO^.  It  is  decomposed  slowly  by  water, 
and  rapidly  by  ammonia.  Ethyl  orthocarhonatc  {C^H^jCO ^^ 
which  boils  at  159°,  is  formed  by  the  action  of  sodium  on  an 
alcoholic  solution  of  chloropicrin,  as  is  shown  by  the  follow- 
ing equation : 

CCl^NO^  +  4  6;  nfiir+  Na^ 

=  {C,H;)^C0^  +  'iNaCl+  NaXL\  +  H^ 

Ethyl  carbonate  {CJf^^CO^^  also  known  as  carbonic  ether ^ 
boils  at  120°,  and  is  obtained  by  heating  silver  carbonate 
with  ethyl  iodide  in  a  closed  tube.  Acted  on  by  chlorine,  it 
yields  perchlorethyl  carbonate  {C^Ciy^CO^,  which  is  a  crys- 
talline solid.  Potassium  ethyl  carbonate  KCJIjCO^  is  pre- 
cipitated in  crystalline  form  when  CO^  is  passed  into  a 
solution  of  KOH  in  absolute  alcohol.  Ethyl  perchlorate 
C^H^CIO^  is  obtained  by  distilling  barium  perchlorate  with 
barium  sulphethylate.  It  is  a  liquid  that  boils  at  T-l"  and 
easily  explodes  with  violence. 

40.  Ainyl  Nitrite. — Amyl  nitrite  CJI^^NO^  is  prepared 
by  passing  nitrous  vapors,  made  by  the  action  of  nitric  acid 
on  starch,  into  amyl  alcohol,  and  distilling  the  carefully 
washed  product.  It  is  a  pale  yellow  liquid  of  specific  grav^- 
ity  .9  and  boiling  point  96°;  it  possesses  a  pcjciiliar  odor, 
resembling  that  of  apples.  Its  vapor  when  inhaled  produces 
dilatation  of  the  capillary  system  and  violent,  but  soon  disap- 
pearing, headache.  It  is  used  in  the  medical  science.  It  has 
been  recommended  as  a  remedy  against  seasickness,  as  an 
antidote  in  cases  of  poisoning  by  chloroform  vapors,  and  in 
certain  cases  of  heart  trouble. 
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The  ethyl  compounds  have  been  chiefly  taken  as  repre- 
sentatives of  the  ethereal  salts  of  inorganic  addSi  and  the 
student  must  bear  in  mind  that  similar  bodies  may  be  formed 
with  other  alcohol  radicala  The  oiganic  adds  also  give  rise 
to  a  large  number  of  ethereal  salts. 

41.  Methyl  BsMa.— Methyl  formate  HCO^CH^  is  pie- 
pared  by  heating  together  in  a  retort  equal  parts  by  weight 
of  potassium  methyl  sulphate  and  sodium  f  ormate,  according 
to  the  equation: 

HCO^Na+KCHJSO,  =  HCO^CH^+KNaSO, 

This  compound  is  ispmeric  with  acetic  add  CH^*CO^H. 
It  is  a  very  volatile  liquid,  lighter  than  water,  and  boils  at 
3C°.  Methyl  acetate  CHJOOJCH^  occurs  in  crude  wood 
spirit.  It  is  prepared  by  distilling  S  parts  of  methyl  alcohol 
with  1  part  of  glacial  acetic  add  and  1  part  of  sulphuric  add. 
It  is  a  fragrant  liquid  which  boils  at  66^;  it  is  freely  soluble 
in  water,  and  is  lighter  than  it  It  is  readily  decomposed  by 
the  alkalies,  and  is  isomeric  with  proprionic  add.  Methyl 
oxalate  (C(9,),(C//,),  forms  colorless  crystals,  melting  at  51  ^ 
It  is  prepared  by  heating  anhydrous  oxialic  acid  with  methyl 
alcohol. 

4a.  Ethyl  Baits.  — Ethyl  f annate  HCOjC^H^,  also 
called  formic  ether,  is  isomeric  with  methyl  acetate  and 
propionic  acid.  It  is  prepared  by  distilling  a  mixture  of 
10  parts  of  sulphuric  acid,  7  parts  of  dry  sodium  formate, 
and  0  parts  of  absolute  alcohol.  The  distillate  is  freed  from 
acid  by  shaking  with  a  little  lime,  and  redistilled.  Formic 
ether  is  a  fragrant  liquid,  and  is  employed  in  the  manufacture 
of  artificial  rum  and  arrack.  It  is  soluble  in  water,  but 
decomposes  into  formic  acid  and  alcohol  when  the  solution  is 
kept  for  some  time.  litJiyl acetate  CH^^COf^Ji^,  or  acetic 
etJicr,  is  prepared  by  distilling  a  mixture  of  alcohol,  sulphuric 
acid,  and  potassium  acetate: 

CJT^'  0H+  fi.SO^  +  CH.COJC 
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Ethyl  acetate  passes  over,  together  with  a  quantity  of 
alcohol  that  escapes  the  reaction.  It  is  purified  by  shaking 
with  a  solution  of  calcium  chloride,  and  the  ether  that  floats 
at  the  top  is  decanted,  dried  over  calcium  chloride,  and 
rectified.  Acetic  ether  is  a  colorless  liquid  with  an  odor 
resembling  that  of  cider;  its  specific  gravity  is. 91,  and  it 
boils  at  72°.  It  is  sparingly  soluble  in  water,  but  mixes 
readily  in  all  proportions  with  alcohol  as  well  as  ether.  It  is 
used  for  flavoring.  Caustic  alkalies,  especially  in  alcoholic 
solutions,  easily  saponify  it,  yielding  acetate  and  alcohol; 
for  example : 

Ammonia  converts  it  into  alcohol  and  acctamide: 

CH,CO,C,H^  +  NH^  =  C,H^'Oir+C,H^ONH, 

Chlorine  convertsit  into perc It lorace tic  ether  CCl^ •  CO^  •  C^ Cl^^ 

a  compound  that  smells  very  much  like  chloral.     If  iodine 

and  aluminum  act  together  on  acetic  ether,  the  latter  is 

decomposed  into  ethyl  iodide  and  aluminum  acetate.    Acetic 

ether  undergoes  a  remarkable  reaction  with  sodium,  which 

dissolves  in  it,  forming  sodium  ethylate  and  sodium  aceto- 

acctate : 

%CH,COjO,H,^Na, 

=  NaOC,H,  +  CH^'CO-CHNa'CO^C,H^  +  H^ 

43,  Aceto- Acetic  Ether. — Aceto-acetic  ether,  or  ethyl 
aceto-acetate  CH^CO-  CH^CO^CJi^^  may  be  obtained  by  the 
action  of  dilute  hydrochloric  acid  on  the  above  mentioned 
sodium  aceto-acetate,  as  will  be  seen  from  the  equation: 

CH^ '  CO '  CHNa  •  CO^  CJI,  +  HCl 

=  CH,'CO'CH^'CO,C,H^  +  NaCl 

Ethyl  aceto-acetate  is  a  colorless  liquid  with  an  odor 
resembling  that  of  hay.  It  is  only  sparingly  soluble  in 
water,  but  dissolves  in  alcohol;  its  alcoholic  solution  gives  a 
violet  color  with  Fc^Cl^  and  a  green  crystalline  precipitate 
C;/(Cg//,(?,),  with  a  strong  solution  of  copper  acetate.  Ethyl 
aceto-acetate  has  become  an  important  factor  in  synthetic 
chemistry,  since  through  its  means  a  large  number  of  complex 
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acids  and  ketones  have  been  synthesiced.    This  is  dne  to  the 
two  following  facts: 

1.  When  ethyl  aoeto-aoetate  is  heated  with  the  alkalies, 
it  yields  either  a  ketone  (acetone)  oar  an  add  (acetic  acid), 
according  to  the  concentration  of  the  alkaline  solution. 
Thus,  with  dilute  aqueous  or  alcoholic  solution  of  potash, 
the  reaction  is  as  follows: 

(1)  CH^COCH^CO^C/r^+%KOH 

m 

while  the  reaction  obtained  with  a  conoentiated  alcoholic 
solution  of  potash  is 

(2)  CH^COCH^CO^CJt^^'iKOH 

=  »CI/,^  CO^JC+  C^fiH 

The  decomposition,  as  shown  through  the  first  equation, 
is  known  as  ketonic  decomposition^  while  the  latter  is  known 
as  acidic  decomposition, 

2.  When  ethyl  sodium  aceto-aoetate  is  treated  with  an 
alkyl  iodide,  the  sodium  is  replaced  by  the  alkyl  group;  for 
instance,  ethyl  cthyl-accto-acctate  may  be  obtained  synthetic- 
ally, as  follows: 

Cir.COCHNa'CO^C^H.  +  C^HJ 
=  Cir,COCHC^H,CO^C^H^  +  NaI 

ethyl  cthyl-aceto-acetate 

By  treating  this  with  sodium,  ethyl  sodium  cthyl-aceto-ace- 
late  Clf^'CO'CXaCjr^CO^CJl^meLj  be  prepared  and  this 
may  a[^ain  be  readily  converted  into  ethyl  diet hyl-accto-aec- 
tate  CM,' CO'C{CJfX(^O^Cjr^.  Other  alkyl  radicals  may, 
of  course,  be  just  as  readily  substituted.  The  substituted 
accto-acetates  may  be  represented  by  the  general  formula 
Clf^COCRR'CO^CJf^,  and  such  a  compound  can  be  made  to 
yield  the  substituted  ketone  rZ/.TO-C//"^^' or  the  substi- 
tutcd  acid  CHRR'COJT  (toj^cther  with,  acetic  acid),  accord- 
ing as  it  imder<^ocs  cither  ketonic  or  acidic  decomposition. 

44.  Ktliyl  Salts  of  the  Aootlo  SevXef^.— Ethyl buty rate 
CJJ^'CO^CJI^,  sometimes  called  butyric  ether ^  is  prepared 
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by  distilling  butyric  acid  together  with  alcohol  and  sulphuric 
acid.  It  is  largely  produced  in  the  arts,  and  is  sold,  owing 
to  its  strong  odor  of  pineapples,  under  the  name  of  essence  of 
pineapples^  or  oil  of  ananas  in  its  alcoholic  solution.  From 
this  alcoholic  solution  it  may  be  precipitated  by  the  addition 
of  water.  The  mixture  of  butyric  acid  and  its  homologues, 
obtained  when  butter  is  decomposed  by  steam,  is  used  in  its 
preparation  on  the  large  scale.  Ethyl pdargonate^  or  pelar- 
gonic  ether  CJI^^-CO^CJI^^  is  prepared  in  a  similar  way  from 
oil  of  rue,  and  is  used  for  flavoring  purposes  under  the  name 
of  oil  of  quince.  Ethyl  caprate  CJI^jCO^C^H^y  or  capric 
ether^  is  a  colorless,  fragrant,  oily  liquid  that  is  obtained  by 
distilling  wine  lees.  It  is  used  to  impart  to  inferior  wines  a 
superior  flavor.  Amyl  acetate  CHjCO^CJi^  is  prepared  by 
distilling  fusel  oil  with  acetic  and  sulphuric  acids.  Its  alco- 
holic solution  is  sold  as  essence  of  pears, 

45.  Ethyl  Salts  of  the  Iligrlier  Acids  of  the  Acetic 
Series. — The  ethyl  salts  of  acids  of  the  acetic  scries  contain- 
ing more  than  10  atoms  of  carbon  are,  as  a  rule,  prepared  by 
dissolving  the  acid  in  alcohol  and  passing  hydrochloric-acid 
gas  into  the  solution.  It  is  assumed  that  this  converts  the 
alcohol  into  ethyl  chloride,  which  acts  on  tlie  acid  to  form 
the  ethyl  salt  that  is  deposited  in  crystals  from  the  alcoholic 
solution.  Cetyl palmitate  C^,//,, -f  (9, •Cj^Z/jj  constitutes  the 
chief  part  of  the  crystalline  fat,  spermaceti^  found  in  tlie 
peculiar  cavities  in  the  head  of  the  sperm  whale,  and  it  is 
resolved,  when  heated  for  some  time  with  solid  potash,  into 
potassium  palmitate  and  cetyl  alcohol.  Ceryl  cerotate 
C^^H^^CO^C^JI^^  composes  Chinese  wax,  the  produce  of 
an  insect  of  the  cochineal  tribe.  It  is  decomposed  by  fused 
potash  into  potassium  cerotate  and  ceryl  alcohol.  Mellssyl 
palmitate,  or  myricin,  C^^H^^-CO^-C^Jl^^  occurs  in  beeswax. 
Melissyl  melltsate  C^^H^^-CO^'C^JI^^  is  contained  in  hay, 
from  which  it  may  be  extracted  by  alcohol. 

46.  Ethyl  benzoate,  or  benzoic  ether  CJI^-CO^-C^H^,  is 
prepared  as  stated  in  Art.  45  ;  that  is,  benzoic  acid  is  dis- 
solved in  alcohol   and   hydrochloric  acid  passed  into  the 
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solution;  the  whole  is  then  distilled,  and  water  is  added  to  the 
distillate,  when  ethyl  bencoate  separates  as  a  fragrant  liquid 
of  specific  gravity  1.05.  It  boils  at  205°.  Bensyl  betuoati 
CJJ^'CO^'C^H^  is  present  in  the  balsams  of  Peru  and  Tolu. 
Methyl  salicylate  CJIjOH'CO^'CH^  also  known  as  salicylic 
ctlur^  is  prepared  by  passing  gaseous  hydrogen  chloride  into 
a  solution  of  salicylic  acid  in  methyl  alcohol.  It  is  the  chief 
constituent  of  the  oil  of  Gaultheria,  known  as  essence  of 
wintcrgrcen.  When  purified,  this  compound  forms  a  color- 
less oil,  having  a  pleasant  odor.  It  boils  at  223. 7°,  and  has  a  . 
specific  gravity  of  1.197-  Ferric  chloride  colors  it  violet. 
If  methyl  salicylate  is  treated  with  a  strong  solution  of  soda, 
in  the  cold,  it  yields  crjrstals  of  CJH^^ONa-COjCH^^  which, 
when  heated  in  a  sealed  tube  with  methyl  iodide,  form  an 
oily  liquid  having  the  composition  CJifiCH^^CO^-CH^^  and 
which  is  known  as  methyl  methyl^edicylate ;  and  if  this 
compound  is  saponified  with  potash,  it  yields  the  potassium 
salt  of  methyl-salicylic  acid  CJFlflCH^-CO^H^  a  crystalline 
acid,  isomeric  with  methyl  salicylate,  but  distinguished  from 
the  latter  by  not  giving  a  violet  color  with  ferric  chloride. 
Phenyl  salicylate  CJijOH-CO^C^H^^  also  know^n  as  salol^  is 
prepared  by  the  action  of  an  acid  chloride,  such  as  COCl^, 
on  a  mixture  of  salicylic  acid  and  phenol.  It  forms  colorless 
crystals  that  melt  at  43°.  It  is,  like  salicylic  acid,  remark- 
able for  its  antiseptic  properties. 

47.  Oxalic  YA\\QT.— Oxalic  ether  (CO^-C^H^^,  or  neu- 
tral ethyl  oxalate^  is  prepared  by  distilling  potassium  oxalate, 
alcohol,  and  concentrated  sulphuric  acid.  Pure  oxalic  ether 
is  a  colorless  oily  liquid  of  pleasant  odor;  its  specific  gravity  is 
1.01),  and  it  1)oils  at  1  SG°.  It  is  only  very  sparingly  soluble  in 
cold  water,  and,  if  boiled  with  it,  is  decomposed  into  alcohol 
and  oxalic  acid.  Caustic  alkalies  decompose  it  readily  into  a 
metallic  oxalate  and  alcohol,  and  if  it  is  mixed  with  only 
half  the  quantity  of  potash  required  for  its  complete  decom- 
position, it  yields  pearly  scales  of  potassium  oxal-ethylatt 
{CO^^KCJI^,  as  is  seen  from  the  following  equation: 

{CO,C\HX  +  ^^OH  =  {COXJ<:C,H,  +  CJ{,-  OH 
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When  oxalic  ether  is  treated  with  excess  of  dry  chlorine  gas 
in  sunlight,  a  white,  colorless,  crystalline  body  is  obtained  that 
is  fusible,  insoluble  in  water,  and  instantaneously  decomposed 
by  alcohol.  It  consists  of  perchlor-ethylic  oxalate  (C(9,C,C7J„ 
which  may  be  represented  as  oxalic  ether  in  which  the 
whole  of  the  hydrogen  has  been  replaced  by  chlorine. 

48.  Ethyl  Malonate.— Ethyl  malonatc  C//,(C(9,-  C,//J„ 
also  known  as  malonic  ether ^  is  obtained  by  leading  hydro- 
chloric-acid gas  into  a  solution  of  calcium  malonate  in  abso- 
lute alcohol,  according  to  the  equation : 

CHJ^CO^^Ca  +  2(r.//,.  0H-\-  2HCI 

=  CH,{CO, '  C,HX  +  Ca  CI,  -^^lllfi 

It  is  a  bitter  aromatic  liquid,  of  specific  gravity  1.068,  that 
boils  at  195°  and  possesses  a  remarkable  similarity  to  ethyl 
aceto-acetate.  Thus,  the  hydrogen  of  the  methylene  group 
is  here,  as  in  ethyl  aceto-acetate,  replaceable  by  sodium,  and 
the  resulting  sodium  malonic  ether  readily  exchanges  its 
metal  for  an  alkyl  radical  when  treated  with  an  alkyl  iodide, 
and  thus  is  a  very  useful  reagent  for  the  synthesis  of  fatty 
acids;  for  when  those  alkyl -substituted  malonic  acids  are 
heated  they  lose  CO,  and  yield  the  corresponding  alkyl-sub- 
stituted  fatty  acids. 

ETHEREAL  SALTS  DERIVED  FROM  GLYCOL. 

49,  The  number  of  ethereal  salts  that  may  be  derived 
is  considerable,  because  either  one  or  both  of  the  hydroxyl 
groups  of  this  compound  may  be  replaced,  and  two  different 
radicals  may  be  introduced.  As  numerous  as  these  salts 
are,  they  have  not  yet  acquired  any  technical  importance  in 
the  arts,  and  will  therefore  not  be  treated  here. 


ETHEREAL  SALTS  DERIVED  FROM  GLYCEROL. 

50,  A  still  larger  number  of  ethereal  salts  have  been 
derived  from  glycerol  CJiJ^OH)^^  which  contains,  as  is  seen 
from  its  formula,  three  hydroxyl  groups,  each  of  which  may 
be  replaced  by  a  different  radical.     These  salts  are  generally 
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known  as  glyccrtdes^  but  are  also  sometimes  called  the  salts 
of  propenyl  C^H^.  They  have,  as  a  whole,  a  certain  practi- 
cal interest,  because  they  include  the  animal  and  vegetable 
fats.  They  may  be  divided  into  the  two  following^  classes; 
(1)  glycerol  esters  of  the  mineral  acids,  and  (8)  glycerol  fatty 
acid  esters.  The  above  mentioned  name  **glycerides"  is 
mostly  applied  to  the  second  class  of  esters. 

5 1  •  NltroiTlyceiin. — ^The  most  important  glycerol  ester 
of  the  mineral  acids  is  nitroglycerin  C^HJ^NOf)^  also  known 
as  glyceryl  trinitrate^  which  was  discovered  by  Sobrero  in 
1847.  It  is  produced  by  the  action  of  a  mixture  of  sulphuric 
and  nitric  acids  on  glycerol.  The  latter  is  added,  drop  by 
drop,  to  a  well  cooled  mixture  of  concentrated  nitric  and 
sulphuric  acids,  as  long  as  it  dissolves;  the  solution  is  then 
poured  into  water,  and  the  separated  heavy  oil,  which  is  the 
nitroglycerin,  is  removed,  washed  with  water,  and  dried  by 
means  of  calcium  chloride. 

Nitroglycerin  is  a  heavy,  oily,  and  nearly  colorless  liquid 
of  specific  [gravity  l.G.  It  becomes  a  solid  at  —20°.  It 
volatilizes  very  enei;getically  at  160°.  It  possesses  the 
characteristic  sweet  taste  of  glycerine,  but  is  dangerously 
poisonous  when  taken  internally.  It  is  insoluble  in  water, 
and  nearly  so  in  alcohol,  but  dissolves  in  ether  and  methyl 
alcohol.  It  is  very  violent  in  its  explosion.  If  a  drop  of  it 
is  placed  upon  an  anvil  and  given  a  sharp  blow,  it  will 
explode  with  a  very  loud  report,  and  if  a  paper  moistened 
with  a  drop  of  nitroglycerin  is  struck,  it  will  be  blown  into 
the  smallest  fragments.  On  the  application  of  a  flame  or 
red-hot  iron,  nitroglycerin  is  comparatively  harmless,  as  it 
burns  very  quietly;  and  when  heated  over  a  flame  in  the 
open  air,  it  explodes  but  feebly.  In  a  closed  vessel,  how- 
ever, it  explodes  at  about  180°  with  very  great  violence. 
Mixed  with  kicsclguhr^  it  forms  dynamite.  Kieselguhr  is  a 
particularly  porous,  silicious  earth  that  is  found  near  Over- 
lohe,  in  Hanover,  Germany.  With  nitrocellulose  it  forms 
so  called  smokeless  powder.  Alkalies  convert  nitroglycerin 
into  glycerol  and  nitric  acid. 
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52.  Glycerol  Nitrite.— Glycerol  nitrite  C^HJ^ONO\ 
is  formed  by  the  action  of  N^O^  on  glycerine.  Glycerol  sul- 
phuric acid  C^H J^OH)JSO ^H^  also  known  as  sulpho-glyccric 
acid,  is  formed  with  considerable  evolution  of  heat  by  mixing 
1  part  of  glycerine  with  1  part  of  sulphuric  acid.  Glycerol 
phosphoric  acid  C^HJi^OH)^PO^H^  is  formed  by  the  action  of 
metaphosphoric  acid  on  glycerine,  but  has  only  been  obtained 
in  solution.  It  occurs  combined  with  the  fatty  acids  and  choline 
as  lecithin  in  the  yolks  of  eggs,  in  the  brain,  in  the  bile,  and  in 
the  nerve  tissues.  It  is  a  stiff,  syrupy  liquid  that  decomposes 
into  glycerine  and  phosphoric  acid  when  it  is  heated  with 
water. 

53,  Compouiids     of    Glycerol     and     Fatty    Acids. 

Among  the  large  number  of  ethereal  salts  formed  by 
glycerol  with  the  fatty  acids,  only  a  few  of  the  most  impor- 
tant can  here  be  mentioned: 

1 .  Formic  A  cid  Esters.  — Mouoformin  C^  //^{  Oil ) ,  •  COJl 
is  formed  by  heating  oxalic  acid  and  glycerol.  Diformin 
C,H^{OH){CO^H)^  boils  at  about  104°. 

2.  Acetic  esters^  or  aeetin,  result  when  acetic  acid  and  glyc- 
erine are  heated  together:  Monacetin  CJIXOH)J^CJi^O^, 
at  100°;  at  200°,  diacetin  CJI,{OII){CJI^O>j^)  at  250°,  /r/- 
acetin  CJfJ^C^H^O^^,  The  latter  is  present  in  cod-liver  oil, 
and  it  boils  at  258°.     All  the  acctins  arc  oily  liquids. 

3.  Tributyrin  CJl^{C^H^O^^  occurs  in  butter. 

4.  Glycerides  of  the  higher  fatty  acids  occur  in  the  animal 
and  vegetable  fatty  oils,  fats,  and  tallow.  They  can  be 
artificially  prepared  by  heating  the  fatty  acids  with  glycerine. 
They  are  sparingly  soluble  in  alcohol,  but  dissolve  readily  in 
ether.  The  most  important  of  these  are:  Triviyristin,  or 
myristioUy  C^H^{C^^H^^O^^  occurs  in  spermaceti,  in  muscat 
butter,  and  in  oil  nuts,  from  which  it  is  mostly  obtained.  It 
crystallizes  from  ether  in  shining  needles  that  melt  at  SS'". 
Tripalmitin  C^H^{C^^H^^O^^{s  iovir\([  \\\  most  fats;  it  is 
usually  obtained  from  palm  oil,  or  from  Chinese  wax, 
by  pressing  and  crystallizing  from  alcohol.  Tristearin 
C^H^{C^^H^^O^^  occurs  in  tallow.      It  can  be  obtained  by 
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heating  glycerine  and  stearic  acid  to  about  .300°.  It  crjsial- 
lizes  from  ether  in  shining  leaflets,  and  melts  at  71. 5^ 
Triolein^  or  olcin^  ^i^»(^ib-^3»^i)i  is  found  in  oils,  like  olive 
oil,  from  which  it  is  obtained  by  cooling  the  olive  oil  to  0°, 
pressing  out  the  liquid  part,  dissolving  this  in  a  little  alcohol, 
again  freezing  to  separate  the  rest  of  the  stearin,  and  dis- 
tilling off  the  alcohol.  Olein  is  less  easily  decomposed  by 
alkalies  than  arc  palmitin  and  stearin,  and  is  left  unaltered 
when  olive  oil  is  treated  with  a  cold  concentrated  solution 
of  sodium  hydrate,  which  converts  the  palmitin  and  stciuin 
into  soap  and  glycerine. 


SULPIIOXIC  ACIDS. 

54,  The  ethereal  siilts  of  sulphurous  acid  are  metameric 
with  the  class  of  compoimds  known  as  the  sulphonic  acids; 
that  is  to  say,  both  ethyl  hydrogen  sulphite  and  ethyl  sul- 
phonic acid  have  the  same  empirical  formula  C\//^SO^.    The 

(liflcrence  between  sulphonic  acids  and  the  sulphites  is  that, 
when  the  sulphonie  acids  are  treated  with  reducing  a<^ents, 
they  yield  tlic  corresponding  thio-alcohols;  thus  ethyl  sul- 
phonic acid  ^V^,'^^^/^  yields  mcrcaptan  (ethyl  thio-alcohd) 
C,Jf,S/f.  This  reaction  indicates  that  the  sulphur  in  ethyl 
sulphonic  acid  is  combined  directly  to  the  carbon  of  the  ethyl 
<4-rou]:),  for  there  is  no  doubt  that  .S"  in  mercaptan  is  so  com- 
bined. The  constitution  of  etliyl  sulphonic  acid  is,  therefore, 
probably, 

•'      HO 

while  that  of  filiyl  liy(ln).i,''on  sulpliitc  is 

^    OH 

When  sodium  sulphite  is  heated  with  ethyl  iodide,  sodium 
ethyl  sulphonate  and  sodium  iodide  arc  produced: 

Xa,^SL  \  +  CJ/J  =  CJf^SO^ONa  +  NaT 
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If  sodium  sulphite  were  a  salt  oiSO{OII)^,  v\z.,SO{ONa)^, 
this  reaction  would  be  expected  to  produce  ethyl  sodium 
sulphite  SO{ONa){OC\H^,  Since  this  is,  however,  not  the 
case,  Na^SO^  must  have  the  constitution  SO^{ONa)Na, 

The  sulphonic  acids  bear  the  same  relationship  to  sul- 
phuric acid  as  the  carboxylic  acids  bear  to  carbonic  acid ;  that 
is,  they  contain  an  alcohol  radical  or  a  hydrocarbon  radical 
in  place  of  one  of  the  OH  groups.  They  are  monobasic 
acids,  since  they  still  retain  one  OH  group.  By  partial 
reduction,  they  generally  yield  sulphinic  acids^  which  bear 
the  same  relation  to  the  SO{OH)^  form  of  sulphurous  acid 
as  the  sulphonic  acids  bear  to  sulphuric  acid.  The  sulphonic 
acids  of  open-chain  radicals  are  of  comparatively  little  tech- 
nical importance. 

Ethylene  combines  directly  with  SO^  to  produce  the 
crystalline  compound  carbyl  sulphate  CJTJS^O^^  which  is 
the  anhydride  of  ethionic  acid,  into  which  it  piisscs  when  dis- 
solved in  cold  water.  Ethionic  acid  CH^  OSO^  II)  •  CH^^SOJI) 
is  a  mixed  ethereal  salt  and  sulphonic  acid  derived  from 
glycol.  When  boiled  with  water  the  ethereal-salt  portion 
imdergoes  hydrolysis,  sulphuric  acid  and  isothionic  acid,  or 
hydroxy  ethyUulphonic  acid,  CH^{OH)CIIJ,SOJf)  being 
produced. 

55,  It  is  characteristic  of  closed-chain  compounds  (or,  at 
least,  of  such  as  contain  a  benzene  nucleus)  that  they  readily 
yield  sulphonic  acids  when  heated  with  strong  sulphuric  acid. 
These  are  very  useful  for  preparing  other  compounds,  c.  g. , 
phenols,  and  on  account  of  their  solubility  are  used  as 
dyestuffs. 

When  benzene  is  gently  heated  with  sulphuric  acid,  benzene 
sulphonic  acid  C^H^-SO^OH  \^  formed;  if  fuming  sulphuric 
acid  is  used,  the  three  (chiefly  1 :  3)  benzene  disulphonic  acids 
C^HJ^SOfiH)^  result.  Naphthalene  may  be  similarly  sul- 
phonated  to  produce  isomeric  naphthalene  mono-  and 
di-sulphonic  acids.  Sulphonic  acids  of  most  benzene  hydro- 
carbon derivatives  are  easily  obtainable,  some  of  which  will 
receive  mention  later. 
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NITRO    COMPOUNDS. 

56,  The  ethereal  salts  of  nitrous  acid  are  metameric  with 
the  nitro-substituted  hydrocarbons;  ethyl  nitrite  C^Hfi'N\  0 
is  metameric  with  nitroethane  C^H^*NO^.  The  nitro  com- 
pounds may  be  regarded  as  derived  from  nitric  acid  in  the 
same  way  that  the  sulphonic  acids  are  derived  from  sulphuric 
acid.  The  nitroparaffins  are  produced  by  the  action  of  silver 
nitrite  on  alkyl  iodide,  as  is  seen  from  the  following  equation: 

CJIJ^AgNO,  =  C,H,-NO,  +  Ag/ 

The  iiitro'hydrocarbons  of  the  benzene  series  are  produced 
by  the  direct  action  of  nitric  acid  on  the  hydrocarbons.  The 
nitroparaffins  can  be  primary,  secondary,  or  tertiary,  like  all 
other  open-chain  hydrocarbon-substitution  products.  The 
three  forms  have  the  same  structure  as  the  three  forms  of 
alcohols,  NO^  being  substituted  for  the  OH  group. 

57,  Nltrometliano  and  Nitroethane. — Nitromethane 
CH^{NO^  may  be  obtained  by  the  action  of  silver  nitrite 
on  methyl  iodide,  or  by  the  action  of  potassium  nitrite  on 
potassium  monochloracctate,  as  is  seen  from  the  followinj,'- 
equation : 

CIf,CiCOJ^^-\-KXt\  +  If.p  =  KCl-\-Cn,NO,-\-KrfCO, 

It  is  a  liquid  that  boils  at  99°  to  lOT.  Nitroethane  CJT^NO^ 
is  obtained,  together  with  a  certain  quantity  of  ethyl  nitrite, 
when  ethyl  icxlide  is  treated  with  silver  nitrite: 

It  is  a  liquid  havin<^  a  peculiar  ethereal  odor,  and  boilin<^^  at 
1 13'';  it  burns  with  a  luminous  flame,  and  gives  a  blood-red 
color  with  ferric  chloride.  TricJiIor'nitroniethane  CCLNO ,, 
also  known  as  cJiloropicrin  or  )iitrocJiloroforin^  is  produced  by 
the  action  of  nitric  acid  on  chlorinated  carbon  compounds, 
as,  for  instance,  chloral ;  and,  also,  when  chlorine  or  bleach- 
ing powder  acts  on  nitro  derivatives,  such  as  fulminating 
mercury,  picric  acid,  nitromethane,  etc. 

In  the  preparation  of  nitrochloroform,  10  parts  of  freshly 
prepared  bleaching  powder  are  mixed  to  a  paste  with  cold 
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water,  and  placed  in  a  retort.  To  this  is  added  a  saturated 
solution  of  picric  acid  heated  to  30°.  Reaction  then  gener- 
ally takes  place  without  further  heating,  and  the  nitrochloro- 
form  distils  over  with  the  vapor  of  the  water.  Nitrochloroform 
is  a  colorless,  heavy  liquid,  boiling  at  112°,  and  having  a 
specific  gravity  of  1.692  at  0°.  It  possesses  a  tear-exciting 
odor,  and  explodes  when  rapidly  heated. 

58,  Nitrobenzene. — Nitrobenzene  C^H^NO^  is  prepared 
by  pouring  benzene  in  small  portions  into  a  mixture  of  strong 
nitric  and  sulphuric  acids  and  adding  water.  The  nitroben- 
zene separates  as  an  oily,  yellow  liquid  that  possesses  a  strong 
odor  of  bitter  almonds.  It  boils  at  205°  and  solidifies  at  3°. 
It  is  known  commercially  as  essence  of  mirbane^  and  is  used 
in  the  manufacture  of  perfume.  By  the  action  of  certain 
reducing  agents,  such  as  hydrogen  sulphide,  ammonium 
sulphide,  iron  filings  and  acetic  acid,  etc.,  nitrobenzene  is 
converted  into  aniline  or  phenylamine: 

aniline 

Dinitrobcnzcne  C^Hjl^NO^^. — The  three  isomerides,  the 
1 : 3  dinitrobcnzcne,  the  1 : 2,  and  the  1 : 4  dinitrobenzenes  are 
formed  when  benzene  is  treated  with  a  large  excess  of  a 
mixture  of  nitric  and  sulphuric  acids.  The  nitro  compounds 
separate  on  the  addition  of  water,  and  are  purified  by  crys- 
tallization in  alcohol.  Since  they  may  be  regarded  as  being 
formed  from  the  further  nitration  of  nitrobenzene,  it  is  only 
in  accordance  with  the  general  rule  (see  Art.  lOO,  Organic 
Chemistry,  Part  1)  that  1:3  dinitrobcnzcne  should  be  the 
chief  product ;  this  variety  crystallizes  in  pale  yellow  needles, 
and  melts  at  90°.  Reducing  agents  convert  it  successively 
into  nitrophenyl  amine  and  phenylene  diamine: 

*'•    ♦^A^O,  (3)        ^*    *'^Nn,  (3)        ^'    *^NH^  (3) 

1:3  dinitrobenzene      nitrophenyl  amino       phenylene  diamine 

The  1 : 2  and  1 : 4  dinitrobenzenes  are  colorless,  and  melt 
at  118°  and  173°,  respectively. 
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59«  Nltrotoluenes. — Para-  and  artho-nitrotoluene^  i.  e., 
1:4  CJiXNOyCH^  and  1:2  CfilXNO^CH^,  are  obtained 
by  treating  toluene  with  fuming  nitric  acid,  and  they  maybe 
readily  separated.  Para-nitrotoluene  crystallizes  in  almost 
colorless  needles  that  melt  at  54^  and  boil  at  237*',  while  the 
ortho,  or  1 : 2,  nitrotoluene  is  a  liquid  that  boils  at  223^. 
Meta-nitrotoluene^  or  1 : 3  CJHJJ^O^CH^^  has  a  melting  point 
of  16%  and  boUs  at  230%  Dinitrotolutne  C.H^(NO^^CH^  is 
formed  by  treating  either  toluene  or  ortho-  or  para-nitroto- 
luene with  an  excess  of  a  mixture  of  nitric  and  sulphuric 
acids.  It  crystallizes  in  long,  slender  needles  that  melt  at 
79**.  Trinitrotoluene  C^HJl^NO^^CH^^  obtained  by  prolonged 
heating  of  a  solution  of  toluene  in  an  excess  of  a  mixture  of 
sulphuric  and  nitric  acids,  forms  nearly  colorless  needles;  it 
is  slightly  soluble  in  alcohol,  and  melts  at  82^. 

If  naphthalene  is  boiled  in  glacial  acetic  acid  with  strong 
nitric  acid  a-nitronaphthalene  C^JHf^NO^  is  obtained ;  it  crys- 
tallizes in  yellow  needles  or  prisms  that  melt  at  61^  and  boil 
at  304^.  It  is  used  in  the  manufacture  of  dyes,  and  for 
destroying  the  fluorescence  of  paraffin  oils  when  these  are 
used  in  the  adulteration  of  vegetable  oils.  It  is  soluble  in 
alcohol,  but  insoluble  in  water. 

Other  nitro  derivatives  will  receive  attention  under  the 
classes  of  bodies  from  which  they  are  derived. 


METAiiT^o-oRGA^nc  coMrouia>s. 

GO,  The  name  metallo-organic  compounds  is  applied  to 
compounds  of  alcohol  radicals  with  metals.  Those  contain- 
ing the  more  basic  metals,  such  as  zinc,  are  usually  formed 
by  the  direct  action  of  the  metals  on  the  alcoholic  iodide; 
while  those  containing  the  less  basic  metals,  i.  e.,  tin,  lead, 
etc.,  are  formed  by  the  action  of  organo-zinc  compounds  on 
metallic  chlorides.  As  zinc  ethide  Zn(C^H^^  is  widely  used 
in  preparing  these  compounds,  it  will  be  described  first. 

61.  Zinc  Ktliide. — Zinc  ethide  Z;/(C,//j)„  also  known 
as  zinc  ethyl,  was  discovered,  together  with  zinc  methide,  in 
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1840,  by  Frankland.     It  is  preixired  by  the  action  of  zinc  on 
ethyl  iodidg,  as  is  seen  from  the  subjoined  equation: 
^«,  +  26;//,/=  Z«(C",/^,),  +  Z«/, 

When  the  reaction  is  terminated,  the  product  is  distilled, 
and  that  portion  collected  that  passes  above  US".  All  these 
operations  are  conducted  in  an  atmosphere  of  carbon  dioxide; 
the  process  will  be  minntely  described,  and  the  apparatus 
required  is  shown  in  Figs.  2,  .3,  and  4. 

About  50  grams  of  freshly  granulated,  chemically  pure, 
and  carefully  dried  zinc  are  placed  in  the  Florence  flask  e 
(Fiff.  2),  which  is  connected  with  a  Kipp  gas  generator  a  i<iT 
the  production   of   carbon  dioxide,   from  which  the  gas  is 


started  through  two  drying  bottles />  and  c,  containing  con- 
centrated sulphuric  acid,  into  the  Florence  flask  c.  A  second 
perforation  in  the  cork  of  the  Florence  flask  e  is  for  the  recep- 
tion of  the  tube/,  which  passes  through  a  Licbig  condenser/' 
and  terminates  in  a  little  mercury  contained  in  the  beaker  rf. 
The  condenser  is  cooled  by  a  continuous  flow  of  water  in  the 
usual  way.     When  the  whole  api>aratus  has  been  filled  with 
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carbon  dioxide,  the  Florence  flask  e  is  opened,  and  25  grams 
of  ethyl  iodide,  which  have  previously  been  thoroughly  dried, 
are  dropped  in  and  the  cork  is  quickly  replaced.  The  car- 
bonic-acid gas  is  again  passed  through  the  whole  apparatus 
for  some  time,  and  then  cut  off  by  turning  the  stop-cock  of 
the  generator.  The  flask  e  is  then  gently  heated  until  the 
ethyl  iodide  boils  briskly,  the  vapor  being  condensed  in  the 
tubeyand  runs  back  into  the  flask  e.  In  about  S  to  6  hours 
the  conversion  is  complete,  and  the  ethyl  iodide  ceases  to 
distil.  The  stop-cock  of  the  generator  is  now  turned  on 
again,  and  a  further  stream  of  carbon  dioxide  is  allowed  to 
pass  slowly  through  the  apparatus;  the  position  of  the  con- 
denser is  reversed,  as  shown  in  Fig.  3,  and  the  lubey  is  con- 


nected, by  means  of  a  perforated  cork  k,  with  the  test  tubec; 
the  longer  limb  of  a  narrow  siphon  i,  made  of  a  piece  of  stout 
glass  tubing,  passes  through  this  cork,  while  its  shorter  limb 
connects  it  with  a  small  test  tube  /,  the  cork  of  which  is  also 
pierced  by  a  short  piece  of  glass  tubing  /.  For  the  reception 
and  preservation  of  the  zinc  ethyl,  a  number  of  glass  tubes, 
having  a  shape  as  shown  in  Fig.  4,  are  prepared.  The  long 
narrow  neck  r  is  passed  down  the   glass  tubing  I  to  the 


§  14  ORGANIC  CHEMISTRY.  39 

bottom  of/,  the  other  end  ;/  of  the  tube  being  connected  with 
an  apparatus  for  passing  carbon  dioxide  similar  to  a.  The 
whole  apparatus  being  filled  with  this  gas,  the  pinch-cock  / 
is  slipped  over  the  rubber  connection,  thus  shutting  off  the 
supply  of  carbon  dioxide  from  the  generator  a^  and  the 
flask  €  heated  on  a  sand  bath,  so  that  the  zinc  ethyl  may 
distil  over;  a  slow  stream  of  carbon  dioxide  is  constantly 
passed  into/,  the  excess  escaping  through  /.     When  enough 


Fig.  4. 

zinc  ethyl  has  collected  in  the  tube  o^  a  blowpipe  flame  is 
applied  to  narrow  tube ;/,  which  is  drawn  and  scaled ;  the  siphon 
tube  i  is  then  gradually  pushed  down,  so  that  its  longer  limb 
may  be  sufficiently  immersed  in  the  zinc  ethyl,  and  the  pinch - 
cock  /  is  removed,  and  the  stop-cock  of  the  generator  a 
turned  on  again,  when  the  pressure  of  the  carbon  dioxide 
forces  over  a  part  of  the  zinc  ethyl  into  the  small  test  tube/. 
By  heating  the  tube  in  with  a  spirit  lamp,  so  as  to  expel  part 
of  the  gas,  and  allowing  it  to  cool,  it  will  become  partly 
filled  with  zinc  ethyl,  and  may  l)e  withdrawn  and  quickly 
scaled  by  means  of  a  blowpipe.  The  spontaneous  inflamma- 
bility of  zinc  ethyl  and  its  easy  decomposition  by  water  or 
moisture  make  the  process  of  its  preparation  rather  difficult 
and  one  that  requires  a  great  deal  of  care. 

The  process  described  above  may  be  somewhat  accelerated 
if  the  zinc  is  polarized  by  copper  in  the  copper-zinc  couple. 
To  effect  this,  cupric  oxide  is  reduced  by  heating  it  in  a  tube 
in  a  current  of  hydrogen  or  coal  gas,  and  10  grams  of  it  mixed 
with  90  grams  of  zinc  filings  in  a  300-cubic-centimeter  bottle, 
which  is  then  heated  over  a  Bunsen  burner  with  continual 
shaking  until  it  forms  gray  granular  masses.  After  cool- 
ing, 87  grams  of  ethyl  iodide  are  added,  and  the  mixture  is 
heated  to  about  90'^  with  a  reversed  condenser  until  no  more 
liquid  distils  back,  which  is  said  to  require  only  about  15  to 
20  minutes;  the  rest  of  the  operation  is  carried  on  exactly 
as  previously  described. 
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Zinc  etliyl  is  a  colorless,  mobile,  and  highly  refraclive 
liquid  that  has  a  peculiar,  penetrating,  and  verj-  disagreeable 
odor.  Its  specific  gravity  is  1.18,  and  it  boils  at  118°;  it 
takes  fire  spontaneously  on  contact  with  air;  it  bums  with  a 
greenish  flame  that  evolves  white  fumes  of  zinc  oxide,  and, 
if  a  porcelain  plate  is  pressed  against  ihis  flame,  a  deposit  of 
metallic  zinc  is  formed  that  is  siuroiinded  by  a  yellow  ring 
o£  oxide  that  soon  changes  to  wliite  on  cooling.  Water 
decornposesitviolently,  with  the  formation  of  zinc  hydroxide 
and  the  evolution,  of  ethane,  as  is  seen  from  the  following 
eqiiatton: 

When  gradually  mixed  with  dry  oxygen,  it  passes  through 
two  stages  of  oxidation,  yielding  first  zinc  cthyl-ethoxide 

Zn  ]    '„  \,,  and,  finalljr,  zinc  ethoxide  Zit{pC^H^^,  which 

latter  compound  is  a  white  powder.  With  iaiine  and  other 
hal<^ens,  the  reaction  also  takes  place  in  two  stages,  bnt  con- 
sists in  the  successdve  substitution  of  the  halogen  for  the 
ethyl;  thus: 

Zn{C,//X  +  f,  =  C,///+ZnC^//J 
and 

ZnC,//J+/,  =   C,//,I+ZHf^ 

63.  Zinc  Metlildo.  —  Zinc  methide  ZK{C/f,\,  also 
linown  as  r/«c  mclhyl,  is  prepared  in  a  similar  manner.  It 
is  a  mobile,  refractive,  and  spontaneously  inflammable 
liquid  that  boils  at  40".     It  resembles  zinc  etliide  in  most  of 


G3.     MethldoH   anfl  Ethtdes  of  Boron  and   BUlcon. 

Boron  mcthidi:  1>(CH^^  may  bo  prepared  by  the  action  of 

zinc  methide  on  methyl  borate,  as  is  seen  from  the  following 

equation: 

%{CJQJiO,-^ZZH(CHX  =  %B{CHX-^%Zn{0-C^H^^ 
It  is  a  gas  that  condenses  to  a  liquid  at  a  low  temperature, 

and  possesses  an  extremely  penetrating  and   disagreeable 
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odor.  Baron  ethide  B(C^H^^^  also  sometimes  called  tribor^ 
cthyly  can  be  prepared  like  the  corresponding  methyl  com- 
pound, or  by  the  action  of  boron  chloride  on  zinc  ethide : 

It  is  a  spontaneously  inflammable  liquid  that  bums  with  a 
green  flame,  and  possesses  an  irritating  odor.  It  is  insoluble 
in  water,  but  is  slowly  converted  by  it  into  B(jCJi^fiH,  It 
has  a  specific  gravity  of  .GO,  and  boils  at  95°.  Silicon 
Vict  hide  Si{CH^^  is  prepared  by  the  action  of  SiCl^  on  zinc 
methide.  It  is  a  liquid  that  boils  at  30°  and  bums  in  the 
air,  producing  a  white  smoke  of  silica.  It  is  not  decom- 
posed by  water.  Silicon  ethide  Si{C^H^^  is  prepared  by 
the  action  of  SiCl^  on  zinc  ethide.  It  is  a  colorless  mobile 
liquid,  not  decomposed  by  water,  combustible,  burning  with 
a  brilliant  white  flame,  thereby  producing  silicic  acid. 
It  is  indifferent  to  the  action  of  reagents,  and,  as  it  acts 
in  all  points  like  a  hydrocarbon,  it  is  often  called  silicon 
fionanCj  after  the  ninth  member  of  the  paraffin  scries  CJl^^^ 
in  which  one  carbon  atom  has  been  replaced  by  a  silicon  atom. 
When  acted  on  by  chlorine,  it  yields  SiCJI^^Cly  and  when 
this  is  dissolved  in  alcohol  and  heated  with  potassium 
acetate,  the  acetate  SiCJI^^CJlfi^  is  obtained,  which  may 
be  further  converted  into  silicon-nonyl  alcohol  SiCJi^^*OH 
by  boiling  it  with  an  alcoholic  solution  of  potash.  Silicon- 
nonyl  alcohol,  also  known  as  silicon-nonyl  hydrate^  is  a  color- 
less liquid,  insoluble  in  water,  and  boiling  at  190°. 

64.  Ethyl  Fhosphines. — Primary,  secondary,  and  ter- 
tiary ethyl  phosphines  are  known-  Monoethyl  phosphine 
{CJI^H^P  dLXxd  diethyl  phosphine  {C^/f^)^I/P  are  produced 
when  ethyl  iodide  is  made  to  react  on  PHJKn  the  presence 
of  an  excess  of  zinc  oxide : 

%C,HJ^^PHJ\ZnO  =  2[(C,H:)H.^Pm]  +  Zn/,  +  /i,0 

2C,/fJ+PI/J+ZnO  =  (CJi^)J/Pm+Zn/^  +  H^O 

As  both  reactions  are  accomplished  simultaneously,  both 
phosphines  are  obtained  at  the  same  time.  They  are  sepa- 
rated by  the  action  of  water  on  the  two  hydriodides  that  are 
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fonued.  That  o£  the  monoethyl  phosphine  Is  decmnposed 
by  water,  while  that  of  diethyl  phosphine  is  only  decomposed 
1^  the  alkalies.  It  ia,  therefore,  sufficient  to  add  water  to 
the  product  of  the  reagtion  in  order  to  liberate  the  pionoethyl 
phosphine ;  and  when  this  compound '  has  been  entirely 
expelled  by  heat,  pptassiam  hydnUe  is  added  to  the  residtie, 
which  will  cause  the  liberation  of  the  diethyl  phosphine. 

Monoethyl  phosphine  is  a  colorless  liquid,  bmling  at  26°; 
it  is  lighter  than  water,  in  which  it  is  inaolnble,  and  posaesaes 
the  most  disagreeable  odor.  It  takes  fire  when  brottg^  in 
contact  with  either  chlorine  ot  nitric  add.  Diethyl  -pbot- 
phine  is  also  a  liquid  that  is  lighter  than  water;  it  bc^  at 
85°.  It  has  a  very  strong  affinity  for  oxygen,  and  very  often 
takes  £re  spontaneously  when  in  contact  with  air. 

Trietkyl pkosphint  f\CJ{^^  may  be  obtained  by  the  action 
of  phosphorus  trichloride  on  zinc  ethyl;  the  c^ieratloa  must 
be  conducted  out  of  contact  with  the  air,  and  the  dnc  ethyl 
mast  be  diluted  with  anhydroas  ether;  the  reacticni  may  be . 
expressed  1^  the  following  equation : 

It  is  a  colorless  liquid  with  a  strong  odor,  boihng  at  127°, 
and  having:  a  specific  gravity  of  .81,  It  combines  directly 
with  oxygen,  for  which  it  has  a  very  strong  affinity,  forming 
triethyl-phosphine  oxide  /'0{C,/Q„  which  is  a  crystalline 
compound  very  soluble  in  alcohol  and  water.  It  combines 
directly  with  methyl  iodide,  forming  J\C^//^^Cf/,-/ ;  and 
■with  sulphur,  with  the  evolution  of  heat,  it  forms  /1[C",//J,5, 
which  crystallizes  in  needles  from  its  hot  aqueous  solution. 
It  has,  further,  a  great  affinity  for  carbon  disulphide,  and 
combines  with  it  very  energetically,  forming  a  red  crj-stal- 
line  compound  that  is  soluble  in  alcohol.  The  presence  of 
CS^  in  coal  g-as  may  then  easily  be  detected  by  leading  some 
of  the  gas  into  triethyl  phoKphine,  which  at  once  obtains  a 
distinctly  red  color  when  the  former  compound  contaminates 
the  coal  gas. 

05.     Tlie     Mothj-1     and    Phenyl    Thosphlnes.  — The 

methyl   phosphines,   viz.,    monomcthyl  phosphine,   dimethyl 
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phosphine^  and  tritnethyl  phospkinCy  are  similar  to  the  ethyl 
phosphines,  and  are  also  similarly  prepared. 

Phenyl phosphine  PH^'C^H^^  also  known  as  phosplianiline^ 
is  prepared  by  passing  dry  hydriodic-acid  gas  into  phos- 
phenyl  chloride  C^H^PCl^^  when  the  compound  CJi^PI^-HI 
is  formed ;  tlys  is  decomposed  by  alcohol  with  the  formation 
of  phenyl  phosphine.  This  compound  is  a  liquid,  with  a 
pungent,  disagreeable  odor;  it  boils  at  1G0°,  and  is  heavier 
than  water.  It  readily  oxidizes  in  the  air,  forming  phos- 
phenyl  oxide  C^H^PHfi^  which  forms  a  cr>'Stallinc,  easily 
soluble  mass.  Phenyl  phosphine  is  insoluble  in  aqueous 
acids,  but  unites  with  dry  hydrogen  iodide  with  the  forma- 
tion oi phcnyl'phosphonium  iodide  CJIJ^IIJ.  Diphcnyl phos- 
phine  PII{C^H^^,  which  boils  at  280°,  triphenyl  pJwsphinc 
P{CJI^^y  which  boils  at  75°,  and  tripJunyl-phosplionium 
iodide  1\C^H^^HI  are  also  known.  Duthyl-pheuyl  phos- 
phine C^H^P{CJI^^^  which  is  formed  by  the  action  of  zinc 
ethyl  on  phosphenyl  chloride  and  the  treatment  of  the  prod- 
uct with  caustic  soda,  is  a  colorless  liquid  with  a  strong  odor. 
It  boils  at  222°,  and  has  a  si^ecific  gravity  of  .95:i  at  i:r. 
It  is  insoluble  in  water,  but  soluble  in  acids.  Phosphenyl 
chloride  PCJJjCl  is  obtained  when  mercury  diphenyl 
(CJi^^Hg  is  heated  with  PCl^,  or  by  leading  a  mixture  of 
benzene  and  phosphorus  trichloride  through  a  red-hot  tube. 
It  is  a  liquid  of  piercing  odor,  has  a  specific  gravity  of  1.310, 
and  boils  at  220°.  It  combines  with  chlorine  to  form  the 
tetrachloride  PCJIjCl^,  It  is  decomposed  by  water  into 
hydrochloric  and  phenyl  hypophosphorus  (phosphenylous) 
acids  C.H^PHO^OH). 

66.  Trlethyl  Arslne. — Triethyl  arsine  As{CJIX  is  pre- 
pared by  the  distillation  of  an  alloy  of  sodium  and  arsenic 
with  ethyl  iodide.  At  the  same  time,  there  is  formed 
another  body,  containing  yl^JCy/J^,  analogous  to  dimethyl 
arsine.  Both  compounds  are  liquids  of  powerful  odor;  they 
may  be  ^parated  by  means  of  distillation  in  an  atmosphere 
of  carbon  dioxide,  the  triethyl  arsine  passing  over  last.  It 
may  also  be  prepared  by  distilling  AsCl^  with  zinc  ethyl. 
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It  is  a  colorless.  -  ziy  disagreeable-smelling  liquid  that  boils 
at  140^,  and  is  soluble  in  water,  alcohol,  and  ether.  Tri- 
methyl  arsine  As{CH^^  is  formed,  together  with  dimethyl 
arsine  As{CIf^)^,  when  an  alloy  of  arsenic  and  sodium  is 
submitted  to  the  action  of  methyl  iodide;  or  it  may  be 
obtained  by  acting  with  AsCl^  on  zinc  methide.  It  is  a 
strong-smelling  liquid  that  boils  at  75°. 

67.  Cacodyl  and  Its  Compotinds. — Dimethyl  arsine 
As{CIf^\  was  discovered  in  1760  by  Cadet,  and,  in  this  cen- 
tury, thoroughly  investigated  by  Bunsen  and  Berzelius;  the 
latter  proposed  the  name  cacodyl  (from  the  Greek  ca«aidf7Ct 
kakodcSf  ''stinking,"  owing  to  its  extremely  disagreeable 
smell).  A  little  consideration  will  show  that,  as  arsenic  is 
either  trivalent  or  pentavalent,  this  cacodyl  is  a  compound 
radical  \As*'\CH^^\\  and  it  deserves  special  interest  because 
it  is  capable  of  behaving  like  an  elementary  substance.  Its 
molecular  formula,  as  the  formula  As{CH^^  represents  only 
one  volume  of  vapor,  should,  therefore,  be 

As{CH,\ 

As,(C//,),,  or  I 

As{CH,), 

and  its  correct  name  tctravicthyl  diarsine  or  dicacodyl^  or 
free  cacodyL 

The  oldest  cacodyl  compound,  the  one  discovered  by 
Cadet,  and  originally  known  rs  fuming  liquor  of  Cadet ^  and 
which  through  Bunsen's  investigation,  was  found  to  be 
dicacodyl  oxide 

As^iCIQA  or  '^%%l>0 

is  the  product  of  the  distillation  of  potassium  acetate  and 
arsenious  oxide,  as  is  seen  from  the  following  equation: 

Asfi,-^^CH^CO,K  =  2As^{C//;)^0  +  ^CO^  +  4.K^Cc\ 

The  collected  distillate  is  an  oily  liquid,  having  an 
extremely  offensive  odor,  resembling  that  of  garlic,  and 
pnxlucing  dense  white  fumes  in  the  air.  The  strong  tend- 
ency of  this  compound  to  take  fire  spontaneously  in  the  air 
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and  the  poisonous  character  of  its  vapor  make  it  a  difficult 
compound  to  handle  and  experiment  with.  It  has  a  specific 
gravity  of  1.40,  and  boils  at  150°.  Dicacodyl  oxide  com- 
bines with  acids  to  form  salts.  It  dissolves  in  alcohol,  and 
by  treating  this  solution  with  an  alcoholic  solution  of  mer- 
curic chloride,  a  crystalline  precipitate,  having  the  compo- 
sition AsJ^CH^fiHgCl^^  is  obtained,  which,  by  distilling 
with  concentrated  hydrochloric  acid  in  an  atmosphere  of 
CO^y  is  converted  into  cacodyl  chloride  As{CH^)^Cl.  This 
compound  is  a  colorless  oily  liquid  that  not  only  produces  in 
the  air  dense  white  fumes  that  are  extremely  poisonous,  but 
even  takes  fire  spontaneously.  It  is  heavier  than  water, 
insoluble  in  that  liquid  and  in  ether,  but  readily  soluble  in 
alcohol.  When  heated  in  contact  with  zinc,  in  an  atmos- 
phere of  carbon  dioxide  to  about  100°,  a  compound  of  zinc 
chloride  with  cacodyl  is  formed;  and  if  this  compound  is 
treated  with  water,  dicacodyl  AsJl^CH^^  is  obtained  as  a 
heavy,  oily,  colorless,  and  transparent  liquid  that  boils  at 
170°,  and  crystallizes  at  6°  in  large  transparent  crystals.  It 
is  spontaneously  inflammable  in  air,  and  when  its  vapor  is 
passed  through  a  tube  that  is  heated  to  400°,  it  is  decomposed, 
as  is  shown  in  the  following  equation : 

AsJiCH,),  =  2CI/,+ C,H,+ As, 

With  a  limited  supply  of  air,  dicacodyl  throws  off  white 
fumes,  passing  into  the  oxide  and  ultimately  into  cacodylic 
acid  As{CH^^O'OH,  a  compound  that  may  be  considered 
as  arsenic  acid  AsO{OH)^  in  which  two  hydroxyl  groups 
have  been  replaced  by  two  methyl  groups.  The  simplest 
way  to  prepare  this  acid,  however,  is  to  oxidize  dicacodyl 
oxide  with  mercuric  oxide  in  the  presence  of  water;  the 
reaction  may  be  expressed  by  the  following  equation: 

As^{CH,),OJtZHgO  +  H,0  =  2As{C7/X00H+H£; 

This  acid  is  a  rather  stable  compound  that  is  soluble  in 
water,  and  from  which  it  cr}'stallizes.  It  melts  at  200°  with 
decomposition.  Hydriodic  acid  reduces  it  to  cacodyl  iodide 
As(CH^J^  and  hydrogen  sulphide  to  cacodyl  sulphide. 
By   PCl^  it  is  converted   into  dimethyl-arsine  trichloride 
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(CH^^sCl^^  which  regenerates  cacodylic  acid  with  water. 
Cacodyl  cyanide  As{CH^jCNv^  obtained  when  cacodyl  chlo- 
ride is  heated  with  mercuric  cyanide,  as  is  seen  from  the 
equation: 

^As{CHXCl+Hg{CN\  =  %As(CH,\CN-^HgCl^ 

It  forms  colorless,  four-sided,  lustrous,  prismatic  crystals 
that  melt  at  22^  into  a  colorless  liquid  that  boils  at  140^  It 
is  but  slightly  soluble  in  water,  and  takes  fire  only  when 
strongly  heated.  The  vapor  evolved  by  its  evaporation  is 
extremely  poisonous ;  by  the  evaporation  of  a  few  drops,  the 
atmosphere  of  a  room  is  contaminated  to  such  an  extent  as 
to  cause  instantaneous  numbness  of  the  limbs,  vertigo,  and 
unconsciousness,  and  the  quick  death  of  small  animala 

Cacodyl  iodide  is  a  thin,  yellowish,  heavy  liquid,  with  a 
very  offensive  odor.  Cacodyl  bromide  and  fluoride  have 
also  been  prepared.  Cacodyl  trichloride^  or  dimethyl-arsine 
trichloride  {CH^^sCl^,  is  prepared  by  distilling  dicacodyl 
oxide  with  strong  hydrochloric  add.  It  is  a  colorless  liquid 
that,  although  not  exactly  fuming  in  air,  emits  a  vapor  that, 
like  those  of  most  cacodyl  compounds,  is  extremely  poisonous. 
It  is  insoluble  in  water  and  ether,  but  soluble  in  alcohol.  It 
boils  at  about  100°,  when  it  gives  off  a  colorless,  instantane- 
ously inflammable  vapor  of  methyl  chloride ;  and  a  heavy, 
irritating  liquid  called  viethyl-arsine  dichloride  AsCH^Cl^ 
distils  over,  which  boils  at  133°  and  is  soluble  in  water  with- 
out decomposition.  By  evaporating  the  aqueous  solution  of 
methvl-arsinc  dichloride  with  sodium  carbonate  and  extract- 
ing  the  residue  with  alcohol,  incthyl-arsine  oxide  AsCHfi 
may  be  crystallized  from  this  alcoholic  solution.  Mercuric 
oxide,  in  the  presence  of  water,  converts  this  oxide  into 
inctJiyl-arscnic  acid  AsCH^O{OH)^, 

When  dicacodyl  is  acted  on  by  methyl  iodide,  it  yields 
cacodyl  iodide  and  tctraiuctJiyl-arsonium  iodide  As{CH^J^ 
as  is  seen  from  the  following  equation: 

Til  is  last  compound,  when  decomposed  by  moist  sih^r 
oxide,  yields  the  corresponding  hydrate  As{CH^flH^  which 
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is  strongly  alkaline,  and  may  be  crystallized.  Pcntafftcthyl 
arstnc  As{CH^^^  corresponding  with  AsC/^,  has  also  been 
prepared.  The  ethyl  compounds  of  arsenic  are  similar  to 
the  methyl  compounds. 

68.  Antimony  Compounds.  —  Antimony  also  forms 
compounds  with  the  alcohol  radicals.  They  are  produced 
either:  (1)  by  the  action  of  alkyl  iodides  on  potassium  or 
sodium  antimonides,  or  (2)  by  the  interaction  of  zinc  alkyls 
and  antimony  trichloride.  Trimethyl  stibine  Sb(CH^^^  also 
known  as  antimony  methyl^  is  obtained  by  heating  methyl 
iodide  with  potassium  antimonide.  Its  specific  gravity  at 
15°  is  1.523,  and  it  boils  at  81^  Tricthyl  stibine  Sb{CJiX, 
also  kno^vn  as  stibethyl^  is  obtained  by  distilling  ethyl  iodide 
with  an  alloy  of  antimony  and  potassium.  It  boils  at  151)°, 
Both  compounds  arc  liquids  that  take  fire  in  the  air,  and 
both  are  insoluble  in  water.  With  oxygen,  sulphur,  and  the 
halogens,  they  combine  energetically,  and  decompose  the 
concentrated  haloid  acids,  liberating  their  hydrogen,  as  is 
seen  from  the  following  equation : 

Tricthyl-stibine  oxide  Sb{C^H^fi  is  soluble  in  water,  which 
is  also  true  of  triethyl-stibine  sulphide  Sb(C^H^^Sy  consisting 
of  shining  crystals.  Its  solution  behaves  somewhat  like  a 
calcium  sulphide;  it  precipitates  sulphides  from  solutions  of 
the  heavy  metals,  with  the  formation  of  salts  of  triethyl 
stibine. 

69,  Blsmutli  Compounds,  —  Bismuth  trimetliyl 
Bi{CH^^  and  bismuth  triethyl  ni{CJIX  are  liquids.  They 
can  be  distilled  without  decomposition,  and  they  explode 
when  heated.  Bismuth  trimethyl  is  changed  by  hydro- 
chloric acid  to  BiCl^  and  methane.  Bismuth  triethyl  is 
spontaneously  inflammable;  it  unites  with  iodine  to  form 
bismuth'diethyl  iodide  Bi{CJl,)J,  and  unites  with  mercuric 
chloride  to  form  bismuth-ethyl  ehloride  Bi(C^H^Cl^,  as  is 
seen  from  the  subjoined  equation : 


'^, 
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Prom  the  alcoholic  soltttiaa  of  the  jodide^  the  alkalies  pre- 
cipitate bismuth-ethyl oxitU  Bi{C^^O,  an  amorphous  yellow 
povrder  that  takes  fire   readUy  iu  the  air.     The   nitrate 

■  BHCJi^<^  f,^  is  obtained  when  tilver  nitrate  is  added 
to  the  iodide. 

70*  Xiead  Coinpounds. — The  compounds  of  lead  with 
alcohol  radicalti  arc  prociuccd  (1)  by  acting  on  lead  chloride 
with  zinc  ethide,  and  {'i)  by  the  interaction  of  alkyl  iodides 
and  a  lead  and  sodium  alloy.  Liad  tetramcthyt  ^{CH^^ 
has  a  specific  yravity  of  2.U3,  and  boils  at  110°.  It  has  a 
faint  odor,  is  unafEected  by  air,  and  is  not  soluble  in  water. 
When  heated  with  hydrochloric  acid,  Uad-trimithyt chhridt 
n^CH^^Cl  is  obtained,  as  is  seen  from  the  following 
equation:      ' 

Pb{CI/,\  +  J/a  =  Pl>iCN,),a+  CH, 

It  is  a  crystalline  compoond  that  may  be  sublimed.  Liad 
tetratthyl  PI>(CJi^^  and  lead  tricthyl  Pb,(C,H^),  are  otly 
liquids  that  cannot  be  distilled  without  dccomixisition.  The 
iodide  Pb{C,H^J  is  produced  when  iodine  acts  on  lead  tetra- 
ethyl.  On  heating  with  moist  silver  oxide,  tead-triethyl 
hydrate  Pb{CJ{^fiH  distils  over,  which  has  a  very  alka- 
line reaction  and  forms  crystalline  salts  with  the  acids. 
The  sulphate  [■fl^(C,-//,),],SC,  dissolves  in  water  with 
difficulty. 

71,  Mercury  Compounds. — The  mercury  compounds 
of  this  class  may  be  obtained  by  different  methods;  namely: 

1.  By  the  interaction  of  sodium  amalgam  and  alkyl 
iodides  in  the  presence  of  acetic  ester;  the  part  that  the 
latter  compound  takes  in  this  reaction  has  not  yet  been 
explained : 

a.  By  the  action  of  potassium  cyanide  on  mercury  alky! 
iodides. 

3.  By  the  action  of  zinc  alkyls  on  mercury  alkyl  iodides; 
for  example : 
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4.  By  the  action  of  zinc  alkyls  on  mercuric  chloride;  for 
example : 

The  mercury  compounds  of  this  class  are  colorless,  heavy 
liquids,  with  a  faint  but  peculiar  and  characteristic  smell. 
Their  vapors  are  extremely  poisonous.  Neither  water  nor 
exposure  to  the  air  changes  these  compounds,  but  subjected 
to  heat  they  ignite  readily.  Mercury  nut  hide  Hg{CH^^  is 
one  of  the  heaviest  liquids  known,  its  specific  gravity  being 
3. 009;  it  is  so  heavy  that  glass  floats  in  it.  It  boils  at  95**, 
and  burns  with  a  bright  flame ;  its  vapor  is  very  poisonous. 
When  acted  on  by  strong  hydrochloric  acid,  it  yields  mercury- 
methyl  chloride  HgCH^Cl^  which  is  a  crystalline  compound, 
sparingly  soluble  in  water.  Mercury  ethide  Hg{C^H^^  is 
prepared  as  shown  above;  it  has  a  specific  gravity  of  2.44, 
and  boils  at  159°;  when  heated  to  200°,  it  is  decomposed 
into  metallic  mercury  and  butane.  It  yields  ethane  CJI^ 
when  treated  with  concentrated  sulphuric  acid.  Mercury- 
ethyl  chloride  HgC^H^Cl\'&  prepared  by  acting  on  Hg{C^H^^ 
with  mercuric  chloride  dissolved  in  alcohol : 

It  is  insoluble  in  water,  but  crystallizes  from  alcohol. 
When  mercury-ethyl  chloride  is  acted  on  with  moist  silver 
oxide,  it  is  converted  into  mercury-ethyl  hydrate  HgC^HfilL 
This  latter  compound  is  a  thick,  alkaline  liquid  that  blisters 
the  skin  when  brought  in  contact  with  it.  It  is  soluble  in 
water  and  forms  salts  with  the  acids.  Mercury-methyl  iodide 
HgCHJ  forms  shining  needles  that  melt  at  143°  and  are 
insoluble  in  water.  Silver  nitrate  converts  it  into  methyl-iner- 
eury  nitrate  CH^Hg^  O-NO^.  Mercury-ethyl  iodide  HgC^Hj 
is  only  slightly  soluble  in  water  and  alcohol,  but  crystallizes 
from  a  hot  caustic-soda  solution;  it  is  decomposed  by  sun- 
light into  mercuric  iodide  and  C^H^^.  Mcrcury-allyl  iodide 
C^H^Hgl rtioAts  at  135°,  and  is  converted  by  ///into  propy- 
lene and  mercuric  iodide.  Like  mercury-ethyl  chloride,  it 
is  converted  into  mercury-ethyl  hydroxide  by  the  action  of 
silver  oxide.     Mercury-ethyl  sulphide  (HgC^f/X^  is  a  yellow 
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precipitate  fonned  by  ammoaiiim  solidiide  in  au  akcdiolic 
.  scdution  of  mercury-ethyl  chloride.  It  can  be  crystallized 
from  ether.  Mercury  dipktnyt  {CJf^^g  is  fonned  irbra 
sodium  amalgam  acts  on  bromobeniene.  It  is  a  fusible 
crystalline  solid  that  melts  at  laO^  It  is  ioscdnUe  in  water, 
sparingly  soluble  in  alcohol  and  ether,  and  xeadily  soluble 
in  benzene.  When  heated  in  a  sealed  tube  with  HgCt^  and 
alcohol,  it  yields  mtreury-fkenyl  ckhride  HgC^jCi,  and  1^ 
decomposing  this  with  moist  slver  ocdde,  mercury-pkenyl 
hydroxide  HgCJI^-OHia  obtained  as  a  dystalline,  strongly 
alkaline  base. 

73>  Tin  Compounds.— The  reactiona  resorted  to  in 
order  to  combine  tin  with  alkyls  are  the  same  as  were 
employed  with  arsenic,  antimony,  and  otho'  elements: 
(1)  The  action  of  zinc  alkyls  on  stannic  chloride,  when 
Sn{CH;i^  and  Sn{C^HX  are  produced.  (S)  The  action  of 
alkyl  iodides  on  a  tin>8odium  alloy.  When  the  alloy  con- 
tains, a  considerable  amount  of  aod|um,  5«(C^J,  is  im>- 
duced,  but  when  a  comparatively  small  amount  of  sodium  is 
present,  the  chief  product  is  Sn{C^H^J^.  Sodium  removes 
iodine  from  both  of  the  primarily  formed  iodides,  with  the 
formation  of  Sh^{C,N^)^  and  Sn^(C,//,),.  These  can  be  sep- 
arated by  means  of  alcohol,  in  which  the  latter  compound  is 
insoluble.  Tin  tetramethyl  Sn{Cf/,),,  corresponding  with 
ShCI^,  boils  at  78°.  Tin  tetraethyl,  or  stannic  ethxde 
Sn(C,H^^,  has  a  specific  gravity  of  1.19,  and  boils  at  181°. 
It  is  a  remarkably  stable  compound.  Both  are  colorless, 
ethereal- smelling  liquids,  and  are  insoluble  in  water.  By 
the  action  <)f  the  halogens  the  alkyls  are  successively  elim- 
inated.    Hydrochloric  acid  acts  similarly; 

5«{r,//.).  +  A  =  ^"{C,H,)J-lrC,HJ.  etc 
Sn{C,/Q^  +  //a  =  Sn(C,//XCi+C,f/„  etc. 

Titi'triclhyl  iodide  Sn(C,//J),/  boils  at  231°,  and  has  a 
specific  gravity  of  1.8.13.  Tin-triefhyl  chloride  S»{C^//^),Cl 
boils  at  about  209°,  and  has  a  specific  gravity  of  1.428.  Both 
of  these  compounds  are  soluble  in  alcohol.     When  either  is 
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acted  on  by  silver  oxide  or  caustic  potash,  tin-tricthyl 
hydroxide  Sn{CJI^fiH  is  produced,  a  crystalline  compound 
that  melts  at  66°  and  boils  at  272°.  It  is  sparingly  soluble 
in  water,  but  dissolves  readily  in  alcohol  as  well  as  in  ether. 
It  is  a  strongly  alkaline  compound  that  yields  crystalline 
salts  w4th  the  acids;  for  instance,  5«(C,//J,-OA^(9„  formed 
with  nitric  acid,  and  Sn(C^H^^SO^^  formed  with  sulphuric 
acid.  When  tin-trie  thy  1  hydroxide  is  heated  for  some  time 
to  almost  its  boiling  temperature,  it  decomposes  into  water 

and  tin-triethyl  oxide  ^  ir^  Tfv>0,     This  is  an  oily  liquid 

Sn{C,HX 

that,  in  the  presence  of  water,  at  once  regenerates  the 
hydroxide.  77;/  triethyl  Sn^(C^H^^  is  an  oily  liquid  of  pow- 
erful odor,  resembling  that  of  mustard-seed  oil.  It  boils  at 
270°,  decomposing  into  Sn(C^H^^  and  Sn.  It  combines  with 
oxygen,  forming  tin-triethyl  oxide,  and,  with  iodine,  yielding 
tiii'triethyl  iodide  Sn(C^H^J,  Tin  diethyl  SnJ^CJi^^^  or 
Sn{C^H^^y  is  a  thick,  oily  liquid  that  decomposes  into 
Sn(C^H^^  and  tin  when  heated.  It  combines  with  oxygen 
and  the  halogens.  Tin-diethyl  chloride  Sn{C^H^^Cl^  melts 
at  85°  and  boils  at  245°.  Tin-dicthyl  iodide  Sn{C^H^J^  fuses 
at  44.5°  and  boils  at  245°.  Ammonium  hydroxide  and  the 
alkalies  precipitate,  from  aqueous  solutions  of  both  the 
halogen  compounds,  tin-diethyl  oxide  Sn(C^H^fi  as  a  white 
insoluble  powder.  It  is  soluble  in  an  excess  of  the  alkalies, 
and  forms  crystalline  salts  with  the  acids,  as,  for  instance, 

with  nitric  acid,  5;/(C,//J,<^*^  » 

73.  Compoiincls  of  Aliimlnum. — The  alkyl  deriva- 
tives of  the  metals  of  the  aluminum  group  are  prcxJuced  by 
the  action  of  the  mercury  alkyls  on  those  metals.  Aluminum 
trimetkyl  Al(CIQ^  boils  at  130°.  Aluminum  triethyl 
Al{CJI^^  boils  at  194°.  Both  compounds  are  colorless 
liquids  that  are  spontaneously  inflammable;  they  are  vio- 
lently decomposed  by  water  into  aluminum  hydrate,  methane, 
and  ethane,  respectively.  Alkyl  derivatives  of  gallium  and 
indium  have  not  been  prepared.      Thallium-diet hy I  chloride 


62  ORGANIC  CHEMISTRY.  §  14 

Tl{C^H^)^Cl  has  been  prepared  by  the  action  of  sine  ethide 
on  thallium  chloride.  If  thallium-diethyl  chloride  is  acted 
on  by  silver  salts,  thallium-diethyl  salts  are  obtained,  as,  for 
instance,  Tl{C^H^^ONO^,  By  decomposing  thallium-diethyl 
sulphate  with  barium  hydrate,  tkallium-dietkyl  hydroxide 
Tl{C^H^^OH  is  obtained.  This  salt  has  a  strongly  alkaline 
reaction,  and  is  readily  soluble  in  water,  whence  it  crystallizes 
in  shining  needles. 


AMMOKIA   DERIVATIVES. 

74:«  The  ammonia  derivatives  are  usually  subdivided  into 
(1)  amines,  or  ammonia  bases;  (2)  amides;  (3)  amido  acids. 

A  mines  result  from  the  substitution  of  alcohol  radicals  for 
hydrogen  in  ammonia;  for  example,  NH^*CH^^NH(CH^^^ 
N{CH^^^  etc.  This  class  of  compounds  also  includes  tiie 
ammonium  bases  originated  by  the  substitution  of  alcohol 
radicals  for  hydrogen  in  ammonium  hydrate  NHfiH.  All 
these  compounds  are  naturally  basic. 

Amides  in  general  correspond  with  the  amines,  but  the 
hydrogen  of  the  ammonia  in  the  former  compounds  is 
replaced  by  acid  radicals;  NH^CH^CO),  NH{CH^CO)^,  etc. 
are  examples  of  this  class.  Some  chemists,  however,  con- 
sider amides  as  derivatives  of  organic  acids,  in  which  one  or 
more  OH  groups  of  the  acid  group  COOH  have  been 
replaced  by  {NH^\  {NH)",  or  N"\  respectively.  Amides 
are,  as  a  rule,  only  slightly  basic  compounds,  the  acid  radical 
having  more  or  less  neutralized  the  strongly  basic  character 
of  ammonia. 

Amido  acids  are  derived  from  organic  acids  by  the  sub- 
stitution of  the  group  (NH^^  for  an  atom  of  hydrogen 
in  the  hydrocarbon  radical  of  the  acid;  the  compound 
CH^^NH^'COOH,  for  instance,  is  derived  from  acetic  acid 
CH^COOH,     They  are  both  basic  and  acid  in  character. 

A  compoimd  containing  the  group  NH^  Is  known  as  an 
ainidc  compound ;  one  containing  the  group  N/fyasan  imide 
compound ;  and  one  that  contains  an  atom  of  N"\  attached 
to  a  carbon  atom  only,  as  a  nitrite  compound. 
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AMINES  OR  AMMONIA  BASKS  AND  AMMONIUM  BASES. 

75.  Nature  of  Amines. — Amines  are  known  as  primar}', 
secondary,  tertiary,  or  quaternary  amines,  corresponding 
with  the  number  of  hydrogen  atoms  that  have  been  replaced ; 
it  is  self-evident  that  a  quaternary  amine  can  be  derived  only 
by  the  replacement  of  the  4  hydrogen  atoms  in  Nil ^^ OH, 
The  different  amines  may  be  graphically  represented  as 
follows,  R  being  the  alcohol  radical : 

NH^R'        NHR^  or  NHR'     NR'^oxNR;      NR;0H 

primary'  or  secondary  or  tertiary  or  quaternary 

amido  bases  imido  bases  nitrile  bases  bases 

Amines  are  further  distinguished  as  monaviincs^  diamines y 
and  triamincs^  according  to  the  number  of  nitrogen  atoms 
they  contain;  thus,  NHJi  is  a  primary  monamine,  NJH^R" 
is  a  primary  diamine,  and  N^H^R'"  is  a  primar}"  triamine; 
NHR^  or  NHR"  is  a  secondary  monamine,  NJi^R^  or 
N^H^R'R;  is  a  secondary  diamine,  h\H^R;'\  NJ{^R'"R^, 
and  N^H^R^R^R'"  are  secondary  triamines;  NR^  and  A'A^'" 
are  tertiary  monamines,  N^R^"  or  N^R^R^  is  a  tertiary 
diamine,  and  N^R^"  and  N^R'" R^  are  tertiary  triamines. 

The  most  general  method  of  the  production  of  primary 
amines  consists  in  reducing  the  corresponding  nitro  compoimd 
with  nascent  hydrogen,  and,  as  nitro  compounds  are  much 
more  readily  obtained  from  closed-chain  than  from  open- 
chain  hydrocarbons,  this  method  finds  most  frequent  appli- 
cation in  the  preparation  of  the  aromatic  primary  compounds; 
the  following  equation  may  serve  as  a  typical  example : 

C.H^NO,  +  H^  =  CJI,NH,  +  2H,0 

The  fatty  amines  may  be  prepared  by  heating  the  alkyl 
halides  with  ammonia  in  alcohol.  The  cyanides  of  hydro- 
carbon radicals  are  convertible  into  primary  amines  by  treat- 
ment with  nascent  hydrogen : 

The  amines,  as  a  whole,  strongly  resemble  ammonia. 
The  lower  members  of  this  group  of  compounds  are 
gases  that  are  easily  soluble  in  water  and  possess  a  strong 


smmoniacal  odtH-,  but  are  distiiigaiBhed  fnm  atmnonia  \xj 
their  ready  combustibility.  The  higber  members  are  more  or 
less  oily  Uquids.  Amines  txp6L  ammonia  foom  ammomum 
salts  wben  beated  with  them,  and.  In  a  like  maniieT,  the 
monaminea  are  expelled  by  diamine^  and  these  in  tnm  by 
the  triamines,  from  which  fqct  it  might  be  inferred  that 
the  basic  power  of  amines  increases  with  the  nomber  of 
alcohol  radicals  they  contain ;  in  this,  however,  as  in  many 
similar  cases,  the  expulsion  o£  one  base  or  acid  by  another 
is  a  question  of  relative  volatUity  as  well  as  of  strength  of 
combination. 

76.  General  Prepumtlcm  ofAmbwa. — Metkyl  amine 
N//^C//„  dimethyl  amiiu  NH{CH^^  waA  Irimrtky/  amine 
N{CN,)^  in  the  form  of  their  hydiiodldes»  and  Utramittkyt- 
ammonium  iodide  N(Cff^J  an  all  obtained  when  a  strong 
solution  of  ammonia  in  alcbhtd  Is  heated  with  methyl  iodide 
for  some  hours  in  a  closed  tube  at  100°.  The  reactions  that 
occur  may  be  represented  by  the  erabjaiued  eqaatimu: 
AW.+  CHJ  =  NH^CH^m 
%NH^-\-%CHJ  =  NH{CH,\-ff^+^ffJ 

4NN,  +  iC//J=  N(CfI,)J+%N-HJ 
The  hydriodides  of  the  first  three  amines  crystallize  on 
cooling,  leaving  the  tetramethyl- ammonium  iodide  in  solu- 
tion. The  hydriodides  are  distilled  with  A'f// into  a  receiver 
cooled  in  ice,  when  a  mixture  of  N(CH^,,  NH(CH^^,  and  a 
little  NH^CH^  is  condensed,  much  of  the  last  escaping  as  a 
gas  with  the  NH^  from  the  NHJ.  The  mixed  amines  are 
then  digested  with  ethyl  oxalate,  when  the  trimethyl  amine 
is  not  affected,  and  can  thus  be  readily  distilled  off.  The 
methyl  amine  is  converted  into  methyl  oxamide,  and  the 
dimethyl  amine  into  ethyl  dimethyl  oxamate,  as  is  seen  from 
the  following  equations; 

^NH,CH,-\-^iCOOCjr,  =  ZCONHCH,  +  iC^H^OH 

COM  cm, 

NI/(Cf/,),  +  2C00Cjr  =    I  -\-C.H-OH 

COOC.K 
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Water  at  0®  dissolves  the  last-named  compound,  and  leaves 
the  methyl  oxamide  undissolved.  On  distillation  with  KOHy 
the  methyl  oxamide  yields  potassium  oxalate  and  methyl 
amine,  as  is  shown  in  the  following  equation : 

2CONHCH^  +  2KOH  =  2C00K-\-tXH^CH^ 

and  the  ethyl-dimethyl  oxalate   yields   potassium   oxalate, 
dimethyl  amine,  and  alcohol ;  thus : 

=  2C00K+NH{CH^)^  +  C\H,0H 

Any  tetramethyl-ammonium  iodide  that  may  have  remained 
with  the  crystalline  iodides,  not  being  decomposed  by  KOHy 
will  be  left  behind  in  the  retort  after  distillation. 

77.  Methyl  Amino. — Methyl  amine  NH^CH^  occurs  in 
bone  oil,  in  the  distillate  from  W(X)d,  and  in  the  fruit  of 
Mercurialis  pcrcnniSy  a  plant  belonging  to  the  order  of 
Enphorbiaccte,  It  is  a  colorless  gas,  with  an  ammoniacal 
odor,  that  condenses  to  a  light  liquid  at  a  temperature  a  few 
degrees  below  zero.  Its  combustibility  in  the  air  distin- 
guishes it  from  ammonia.  At  12°,  one  volume  of  water  dis- 
solves 1,150  volumes  of  the  gas.  The  acjueous  solution 
manifests  all  the  properties  of  aqueous  [immonia,  but  does 
not,  however,  dissolve  the  oxides  of  cobalt,  nickel,  and  cad- 
mium. 

78.  Dimethyl  Amine. — Dimethyl  amine  A7/(6V/J^  is 
a  gas  that  occurs  in  wood  spirit  and  in  guano.  It  dissolves 
readily  in  water,  and  is  condensed  in  the  cold  to  a  liquid 
that  begins  to  boil  at  7.2°. 

79.  Trlmothyl  Amino. -Trimethyl  amine  A^(C//,), 
occurs  in  many  plants,  as  in  the  flowers  of  hawthorn,  pear, 
and  wild  cherry,  in  arnica,  etc.  It  also  occurs  in  the  roe  of 
herring,  and  is  prepared  from  herring  brine  in  large  quan- 
tities. It  is  prepared  on  a  large  scale  by  distilling  the 
vinasse  obtained  in  the  refining  of  beet  sugar,  which  corre- 
sponds with  the  molasses  from  cane  sugar,  but  is  not  fit  for 
food.     Trimethyl  amine  is  a  liquid  that  boils  at  3.5°.     The 


66  OkOAXIC  CHEMISTRY.  gH 

penetratittg  fish-like  tulor  is  characteristic  of  it.  It  is  infiam- 
mable  and  mixes  readily  with  water.  Like  ammonia,  it 
.fcHtns  salts  by  direct  cumbination  with  acids. 

80.  Tetnvmethj-l-Ammonlnm    Ilydro^tiUc.  — Tetra- 

methyl-ammoiiium  hj'droxide  A'(CH,)OH  is  prcjjared  by 
decomposing  the  iodide  with  Aff^O-^H^O,  as  is  seen  from 
the  following  equation; 

%N{ClI,)J-\-Ag,0-ir/f,0  =  2.V(Cf/,)^0//+2A^/ 
It  consists  of  deliquescent  needles,  with  a  strong  altaline 
reaction.     It  forms  a  number  of  salts,  many  of  which  are 
poisonous. 

81,  Btbyl  Amines. — These  compounds  may  be  pre- 
pared by  the  action  of  ammonia  on  ethyl  iodide,  and  are 
separated  from  one  another  in  a  similar  way  to  that  described 
in  Art  7fi.  /://(//  atnific  A7/,C,//,  is  a  light,  mobile, 
colorless  liquid  that  is  infiammable  and  boils  at  18.7'.  Its 
specific  jjravity  is  ."Oil;  it  has  a  very  strong  odor  rcHembling 
that  of  ammonia.  It  mixes  with  water,  alcohol,  and  ether. 
Its  aqueous  solution  is  caustic  and  precipitates  most  of  the 
metallic  salts  in  the  same  way  as  a  solution  of  ammonia,  and, 
like  the  latter,  rcdissolves  cupric  hydrate,  forming  a  blue 
liquid.  Dkhlorcihyl  amme  NCl^-C^H^  is  obtained  by  the 
action  of  chlorine  on  an  aqueous  solution  of  ethyl  amine. 
It  is  a  golden-yellow  liquid  of  a  very  pungent  odor,  resem- 
bling that  of  chlorpicrin.  Its  specific  gravity  is  1.24,  and  it 
boils  at  88°.  It  is  insoluble  in  water,  and  is  converted  by 
zinc  ethyl  into  triethyl  amine;  thus: 

The  corresponding  iodide  is  a  dark-blue  liquid  that  is  easily 
decomposed  by  heat.  Diethyl  amine  NM{C^fI^^\saa  ammo- 
niacal  liquid,  boiHng  at  5f!°  and  readily  soluble  in  water. 
When  diethyl-amine  hydrochloride  N/f{C,fi^),ffCl  is  distilled 
with  potassium  nitrite  and  a  little  water,  ethyl  nitroso-amine 
is  obtained;  this  compound  contains  the  group  -NO  in  place 
of  the  hydrogen  atom  attached  to  the  nitrogen,  its  composition 
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being  (C^H^^N-NO.  It  is  a  yellow,  aromatic  liquid,  insolu- 
ble in  water,  of  specific  gravity  .95,  and  boils  at  177°. 
This  compound  is  readily  reconverted  into  diethyl  amine  by 
nascent  hydrogen;  thus: 

When  it  is  dissolved  in  hydrochloric  acid,  and  hydrochloric- 
acid  gas  is  passed  into  the  solution,  it  yields  nitrosyl  chloride 
and  diethyl-amine  hydrochloride  ; 

{C.H^N'NO-^^HCl  =  N{C,HXff,Cl+NOCl 

Triethyl  amine  N(CJI^^  may  be  prepared  by  heating  a 
mixture  of  diethyl  amine  and  ethyl  amine  with  ethyl  bromide 
in  a  sealed  glass  tube,  when  a  beautiful  fibrous  mass  of 
triethyl-ammonium  bromide  is  formed,  from  which  the 
triethyl  amine  may  be  obtained  by  distillation  with  potash. 
Triethyl  amine  is  a  colorless,  pleasant-smelling  liquid.  It 
boils  at  89°,  and  is  only  very  sparingly  soluble  in  water.  It 
possesses  a  strongly  alkaline  reaction,  and  resembles  ammo- 
nia in  many  of  its  reactions  wnth  the  salts ;  it  is,  however, 
distinguished  from  this  compound  by  the  fact  that  it  dissolves 
alumina,  and  that  it  does  not  dissolve  silver  oxide,  which  is, 
as  we  know,  quite  readily  soluble  in  ammonia. 

82.  Tetpethyl- Ammonium  Compounds, — When  tri- 
ethyl amine  and  methyl  iodide  are  brought  together,  a  violent 
reaction,  that  raises  the  mixture  to  a  boiling  heat,  takes 
place,  with  the  formation  of  tetrethyl-avimonium  iodide 
N(C^H^J^  which  is  obtained  as  a  white  cr^^stalline  mass. 
Tetrethyl-ammonium  iodide  is  soluble  in  hot  water,  from 
which  it  crystallizes,  on  cooling,  in  beautiful  large  crystals.  I  ts 
iodine  may  be  removed  by  treating  a  solution  of  it  with  silver 
salts.  If,  for  instance,  silver  sulphate  or  nitrate  is  employed, 
the  sulphate  or  nitrate  of  tetrethyl  ammonium,  together  with 
silver  iodide,  is  produced,  and,  when  freshly  prepared  silver 
oxide  is  used,  tetrethyl-ammonium  hydroxide  N[C^H^JDH  v& 
formed,  which,  on  filtering  off  the  silver  precipitate,  is  obtained 
as  a  clear,   colorless  liquid.      It  has  a  strongly  alkaline 
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teaction  and  an  intensely  bitter  taste.  In  its  dmnical 
behavior,  tetrethyl-ammonium  faydrozide  is  very  similar  to 
potassium  hydroxide;  like  this  compound,  it  destroys  the 
skin  and  saponifies  fatty  substances,  with  the  formation  of 
true  soaps,  but  it  produces,  in  chromic  salts^  a  precipitate  of 
chromic  hydroxide  that  does  not  dissolve  in  an  excess  of  the 
reagent,  while  the  precipitate  formed  by  KOH  is  soluble  in 
an  excess  of  the  reagent  On  evaporating  a  ablution  of 
tetrethyl-ammonium  hydroxide  in  a  vacuum,  lon^,  slender, 
needle-shaped  crystals  are  deposited  that  consist  of  the 
hydroxide  with  a  certain  amotmt  of  water  of  crystallization. 
After  some  time,  the  crystals  disappear,  and  a  semisolid 
mass  of  the  anh3rdrous  salt  is  left  An  aqueous  concentrated 
solution  of  this  anhydrous  compound  can  be  boiled  withont 
decomposition,  but  if  the  dry  substance  is  heated,  it  decom- 
poses  readily  into  triethyl  amine,  water,  and  ethene;  thus: 

The  other  salts  of  tetrethyl  ammonium  are  obtained  by 
treating  the  hydroxide  with  acids;  several  of  them  form 
well  developed  and  beautiful  crystals.  The  platino-chloride 
[  N{  C^H^  ^  ^^i^^  (^K  crystallizes  in  orange-yellow  octahedrons, 
that  are  slightly  soluble  in  water,  but  nearly  insoluble  in 
alcohol,  as  well  as  in  ether. 

83.  Other  alcohol  radicals,  such  as  propyl,  butyl,  amyl, 
etc.,  likewise  produce  amines  and  ammonia  bases.  It  is  not 
necessary  that  all  the  atoms  in  NH^  are  replaced  by  the 
same  alcohol  radical ;  in  fact,  we  distinguish  between  simple 
amines^  that  is,  those  containing  similar  alcohol  radicals, 
and  mixed  amines^  containing  different  alcohols,  just  as  we 
distinguish  between  simple  and  mixed  ethers;  methyl- 
ethyl  amine  NH{CH^{C^H^  and  methyl-ethyl-amyl  amine 
A\CH^{CJf.)(CJI^^)  are  examples  of  mixed  amines. 

There  are  various  methods  of  ascertaining  whether  an 
amine  is  primar}',  secondary'-,  or  tertiary.  The  simplest  way 
to  distinguish  a  primary  amine  from  a  secondary,  and.  a 
secondary  from  a  tertiary  amine,  consists  in  treating  the 
amine  in  question  alternately  with  methyl  iodide  and  caustic 
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potash,  until  all  the  hydrogen  atoms  in  the  ammonia  present  are 
replaced  by  methyl  groups.  Whether  the  latter  have  entered, 
and  what  their  number  may  be,  is  most  conveniently  deter- 
mined by  the  analysis  of  the  platinum  double  chloride  of  the 
base  previous  to,  and  after,  the  action  of  the  methyl  iodide. 
If  two  methyl  groups  have  entered  the  compound,  it  is  obvious 
that  the  amine  was  primary ;  if  one  methyl  group  has  entered, 
then  the  base  was  secondary;  and  should  the  base  be  found 
to  have  remained  imchangcd,  then  it  must  be  assumed  that 
it  is  tertiary  in  its  character. 

84.  Diamines. — The  divalent  like  the  monovalent  alky  Is 
can  replace  two  hydrogen  atoms  in  two  ammonia  molecules 
and  produce  primary,  secondary,  and  tertiary  diamines,  as 
we  have  seen  in  Art.  75.  The  open-chain  diamines  most 
commonly  met  with  are  those  derived  from  ethylene,  and  if 
we  assume  that  ethylene  diamine  CJ.  X^^f^^^  i^  derived  from 
glycol  C^H^{OH)^,  in  which  the  two  hydroxyl  groups  have 
been  replaced  by  the  two  amidogen  groups  (AV/,),,  it  will  be 
seen  that  alcohol  amines,  such  as  CJI^{N^H^{OH),  can  also 
exist.  Such  alcohol  amines  are  primary  amines,  and  are  gen- 
erally termed  hydramines.  The  hydramine  CJi^{NH^OH 
is  also  known  as  hydroxyethyl  amine.  This  compound  is 
formed  by  the  action  of  ammonia  on  ethylene  chlorhydrate. 

C,HXOH)Cl+'ZXII,  =  CJI,{NIQ{OH)-^XII^Cl 

The  secondary  monaminc,  dihydrox yet hyl  amine 
{jC.^HjOH)^NH,  is  formed  at  the  same  time,  and  when  this 
compound  is  dehydrated,  a  compound  is  formed  that,  owing 
to  its  close  relationship  to  morphine,  is  known  as  morpholine, 
and  has  the  formula 

{C,HXO-NH,  or  0<^J^^'^^J^^>NH 

Choline  N{C,HfiH){CH,),.OH,  or    CM.<%fcH,),OH, 

also  known  as  hydroxyethyl'trimethyl-ammonium  hydroxide, 
or  bilineurine,  or  sincaline,  is  widely  distributed  in  the  ani- 
mal organism,  especially  in  the  brain  and  in  the  yolk  of  eggs, 
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is  which  it  is  preaeat  as  Ucittum, «  compound  at  choline  with 
glycero-phosphorlc  acid  and  fott^  odda  It  la  present  in 
hops,  hence  it  occurs  in  beer.  It  la  obtained,  too^  fmn  khs- 
pin  (the  alkalmd  of  Sim^is  o/Aa),  when  it  is  boiled  with 
alkalies  (hence  the  name  simMHme).  TUs  canpotmd  was 
discovered  by  A.  Strecker.  In  lB6t,  in  the  Ule  of  swine  and 
oxen,  and  was  prepared  synthettcalty  by  Wilrts  by  heating; 
ethene  oxide  or  ethene  chlorhydrin  with  trimetl^l  amine  in 
aqueous  solution: 

Choline  deliquesces  in  the  air.  It  is  strongly  alkaline, 
crystallizes  with  difficulty,  und  absorbs  CO^.  It  is  not  poi- 
sonous by  itself,  but  when  oxidized  with  nitric  acici,  it  yields 
vtuscarine,  or  kydrexy-ckvliiic  A'C^l/^{Of/)^{CM^^  wbkh 
constitutes  the  poisonous  matter  in  the  fungus  Agtniaa 
inuscarius  (commonly  known  as  "  toadstool  "). 

When  treated  with  hydriodio  ucid,  choline  yields  the  iodine 
derivatives  N{C^HJ){Ch,)J'  which,  with  .}£-^0+I/,0, 
yields     neurtne,    or    trimethyl-vitiyl-ammoniunt     hydroxide 

Cjr,,NO.  or  {CH,),N'<^l^'^^y     It  resembles  choline, 

but  has  not  been  crystallized.  It  is  very  poisonous.  It 
occurs  with  the  ptomaines — ^alkaloids  of  decay — and  is  partly 
poisonous  and  partly  non-toxic, 

Elhylcn,  „,„„„„.    ^,...^KH. 
ethylene  bromide  on  an  alcoholic  solution  of  ammonia  at 
HHi"';  thus; 

2NH,  +  C,fr,Iir,  =  C^HJ,NHX-\riffBr 

It  may  also  be  prepared  by  the  action  of  tin  and  hydro- 
chloric acid  on  dicyanogen: 

C,N,  +  iH,  =  C.//,N, 

Ethylene  diamine  is  a  solid  that  melts  at  8.6",  becoming  a 
colorless  liquid  that  boils  at  110.5°.  It  has  a  strong  alkaline 
reaction  and  an  ammoniacal  odor.     Nitrous  acid  converts  it 
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into  ethylene  oxide.     Diethylene  diamine  <f-TT  \jtt  ^fj> 
boils  at  170^     Triithylcne  diamine  NJ^C^H^^  bo'ils  at  220°! 


AMIDO  DERIVATIVES  OF  THE  BENZENE  HYDROCARBONS. 

85.  The  ammonia  bases  derived  from  aromatic  hydrocar- 
bons must  be  divided  into  two  distinct  classes  of  compounds; 
that  is,  one  in  which  the  amido,  imido,  or  nitrile  group 
enters  the  side  chain  of  the  hydrocarbon,  as  in  benzyl  amine 
C,//^-  CH^NH^y  and  the  other  in  which  the  group  is  attached 
to  the  closed-chain  nucleus,  as  in  phenyl  amine  C^H^NH^, 
The  bases  of  the  first  class  behave  in  every  respect  like  the 
fatty  amines,  but  those  of  the  second  class  show  slight  differ- 
ences, due  to  the  fact  that  a  closed-chain  nucleus  is  always 
somewhat  more  acidic  than  an  open-chain  nucleus;  thus, 
phenyl  amine  is  less  basic  than  ethyl  amine,  because  the 
basic  properties  of  ammonia  have  been  more  neutralized  by 
phenyl  than  by  ethyl.  For  the  same  reason,  the  nuclear 
aromatic  amines  show  some  relationship  to  the  amides  and 
amido  acids;  for  instance,  they  readily  undergo  the  diazo 
reaction  (see  Art.  119)  characteristic  of  amides  and  amido 
acids.  Hence,  some  chemists  term  the  aromatic  amines 
**  amido  compounds. " 

86.  Phenyl  Amine,  or  Aniline. — The  simplest  ammo- 
nia base  of  the  aromatic  alcohols  that  has  obtained  great 
commercial  importance  is  phenyl  amine  C^H^-NH^y  also 
known  as  amido-benzene  and  aniline.  This  important  com- 
pound was  discovered  in  182G  by  Unverdorbeft,  who  obtained 
it  by  the  dry  distillation  of  indigo,  and  gave  it  the  name  of 
**  crystal! ina'*;  in  183C  Runge  found  it  in  coal  tar  and  named 
it  **cyanol.**  In  1841  Fritzsche  prepared  it  by  distilling 
indigo  with  potash,  and  gave  it  the  name  of  **  aniline," 
while  in  1842,  Zinin  obtained  it  by  the  reduction  of  nitro- 
benzene, and  called  it  **benzidam."  It  was,  at  last,  accu- 
rately investigated  by  A.  W.  Ilofmann  in  1843.  It  occurs  in 
coal  tar  and  also  in  bone  oil.     Since  1SG4,  aniline  has  been 


prepared  on  a  ^axg6  scale  by  tedadnff  nitrolMOiene  CJtJtO^ . 
with  metallic  iron  in  conjunctton  with  hydrocJilanc  or  acetic 
acid.  To  prepare  aniline  in  this-way,  1  part  of  nitrobnueiK 
is  heated  with  1^  parts  of  iron  filings  and  1  part  of  gladd 
acetic  acid;  the  solid  prodoct  (rf  the  reaction  la  mixed  witii 
lime  and  distilled  with  superheated  steam.  On  a  small  scaler 
as  for  experimental  purposes,  more  satisfactory  xesoUs  ai* 
obtained  by  uung  tin  and  hydrochloric  acid  as  reducing 
agents.  The  product  obtained  by  either  laxtceas  may  be 
purified  by  converting:  it  into  oxalate  \if  saturating  it 
with  oxalic  acid,  crystallising  this  salt  several  times  from 
alcohol,  and  decomposing  it  with  potash. - 

Aniline  is  a  colorless,  mobile,  and  highly' tefractive  liquid 
that  quickly  changes  its  color  on  exposnre  to  air,  beccmung 
first  yellow,  and  then  brown,  and  is  finally  converted,  by  the 
air,  intoasticlty  resinousmass.  Itposaesaeta  weak,  but  char- 
acteristic, and  peculiar  odor.  It  has  a  tpeciiic  gravity  of 
1.03,  and  maybe  solidified  by  cold  and  then  fused  at  — 8°;  it 
boils  at  184°.  It  is  poisonous,  and  boms  vrith  a  smoky 
flame.  It  appears  almost  insoluble  in  water,  but  the  water 
takes  up  about  j'j  of  its  weight  of  aniline,  and  aniline  takes 
up  about  j'u  of  its  weight  of  water;  it  mixes  freely  with  alco- 
hol and  ether,  and  is  otherwise  a  good  solvent  for  many 
difficultly  soluble  substances,  as,  for  instance,  indigo  and  sul- 
phur. It  docsi  not  restore  the  blue  color  to  reddened  litmus 
paper,  but  possesses,  nevertheless,  the  character  of  a  base, 
for  it  forms  Avell  defined  salts  with  the  acids.  If  a  nitrate 
and  sulphuric  acid  are  added  to  aniline,  a  red  color  is  produced. 
If  a  few  drops  of  aniline  are  poured  into  sulphuric  acid  and 
a  little  potassium  dichromate  is  added  to  it,  a  beautiful  blue 
color  is  obtained  that  changes  to  violet  on  the  addition  of 
water.  A  solution  of  chloride  of  lime  added  to  aniline  brings 
forth  a  brilliant  violet  tint.  When  a  solution  of  an  aniline 
salt  is  heated  with  cupric  chlorate,  an  intense  black  color  is 
developed.  All  these  reactions,  and  many  others,  are  applied 
in  the  arts  in  the  preparation  of  coloringmatter  of  great  bril- 
liancy. Among  the  most  important  of  these  are  rosaniline, 
and  pararosaniline,  which  will  be  treated  further  on. 
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87.  •  Salts  of  Aniline. — The  salts  of  this  compound  are 
prepared  by  saturating  it  with  the  acids.  Aniline  hydro- 
chloride C^H^'NH^HClj  which  is  commercially  known  as 
aniline  salts^  forms  colorless  needles  that  are  quite  freely 
soluble  in  water  and  alcohol.  They  fuse  and  can  be  distilled 
without  decomposition.  Platinic  chloride  precipitates  from 
a  solution  of  aniline  hydrochloride  fine  yellow  needles  of 
chloroplatinate.  Aniline  oxalate  [CJiJ^H^^C^Hfi^  crystal- 
lizes from  water  in  large,  hard,  and  well  developed  prisms. 
When  exposed  to  heat,  it  loses  the  elements  of  water,  and  is 
converted  into  oxanilide : 

aniline  oxalate  oxanilide 

88»  Aniline  Substitution -Products.  —  Aniline  sub- 
stitution-products are  obtained  by  the  reduction  of  the  cor- 
responding nit  ro  compounds;  thus  1  :  2  chloronitrobcnzene 
C^HJCI'NO^  yields  1  :  2  chloraniline  C\H^CIXH^.  By  the 
action  of  chlorine  or  bromine  water  on  aniline,  the  trichlor- 
anilines  and  tribromanilincs  arc  derived;  the  latter  form  the 
white  precipitate  that  bromine  water  gives  with  aniline. 

Nitranilincs  or  nitrophcnyl  a  wines  CJI^\0.^'NH^  arc 
obtained  by  the  partial  reduction  of  the  corresponding 
dinitrobenzene  by  means  of  ammonium  sulphide.  The  three 
nitranilines  crystallize  in  yellow  needles  or  prisms.  They 
are  only  slightly  soluble  in  water,  but  dissolve  readily  in 
alcohol.  The  presence  of  the  acidic  nitro  group  greatly 
interferes  with  the  basic  character  of  the  aniline;  dinitran- 
iline,  for  instance,  is  neutral,  while  trinitraniline  exhibits 
acid  properties. 

Afiiline'Sulphonic  acid  C^H \NII^SOJI,  or  1  :  2  amtdo- 
benzene-sulphonic  acid^  or  snlpJianilic  acidy  is  obtained  by 
heating  either  aniline  sulphate  to  about  2(»0^  or  aniline 
together  with  fuming  sulphuric  acid.  It  crystallizes  in 
rhombic  plates  that  are  only  difficultly  soluble  in  water  and 
crumble  to  pieces  under  the  influence  of  the  atmosphere. 
Aniline-sulphonic  acid  is  the  parent  substance  of  various  dyes. 
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80.  Alkrl  DerlTKtlTea  ot  Anllliie.— By  sabstttadng 
alcdiol  radlcalB  for  either  (»e  or  both  liydrogen  atoms  oC  tbe 
Amidogen  gronp^  secondary  aod  tertiary  atoiiies  may  be 
obtained.  Among  the  great  Tarletyof  maiasa  that  may  thus 
be  obtained,  only  methyl  aniUne  and  dimethyl  aniline  will 
be  considered  here.  They  are  prodnoed  together  in  the  arts 
by  heatli^,  to  2Sd%  methyl  alcohol  widi  aniline  b^drochloride 
in  a  closed  vessel  The  product  contdaa  the  hydrochloricles 
<A  the  methyl  anilines. 

Metkyl  aniline  C,H^NH{CH^  is  a  cdlorleaB  Uqoid  that 
becomes  brown  on  exposure  to  air;  it  it  Ug^ter  than  water, 
having  a  specific  gravity  of  .976^  and  has  an  odor  like 
aniline,  whicb  is,  however,  Btronger  sad  moie  aromatic: 
By  the  acticn  of  nitrons  add  on  med^l  anJlina^  or  better^  I7 
the  addition  of  methyl-aniline  hydrodilorlde  to  a  aolutiaa  ot 
potassiom  nitrite,  a  thick  <Mly  QaatfaaaA.—MUmoiiutkyl 
aniline— i&  obtained;  thns: 

cjt^-NH{CH;i-\-NOji  =  c,frjf-{ifCfi(CH;^ + Hjy 

altfOBOflMth^  ffltlmW 

It  may  be  regarded  as  methyl  aniline  in  which  the  hydro- 
gen atom  of  the  NM  group  has  been  replaced  by  the  nitrosyl 
group  {NOy.  All  the  aromatic  amines  undergo  similar 
reactions. 

Dimethyl  aniline  C,H^-N{CH^^  is  prepared  on  a  manu- 
facturing scale  by  the  action  of  methyl  chloride  on  a  heated 
mixture  of  aniline  and  caustic  soda,  as  is  seen  from  the  fol- 
lowing equation: 

%CH,Cl+  C,H,JVM,  +  %NaOH 
=  C,//,N{CH,),  +  ZNaa+i//,0 

It  is  an  oily  liquid  that  boils  at  103"  and  solidifies  in  the 
cold.  It  is,  like  methyl  aniline,  lighter  than  water,  its 
specific  gravity  being .  945.  When  it  is  exposed  to  the  action 
of  nitrous  acid,  tiilrosodiincthyl  aniline  C,I/^N{N'0)(CHX  '* 
obtained,  as  is  seen  from  the  following  equation; 

C,II-X(CHX-\-NO,H  =  n/~CH^      +I/,0 
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A  number  of  important  dyes  and  coloring  matters,  as,  for 
instance,  malachite  green^  are  prepared  from  dimethyl 
aniline.  Many  other  alcoholic  derivatives  of  aniline  have 
been  prepared.  Diphenyl  amine  NH{C^H^^y  also  known  as 
phenyl  aniline^  is  a  secondary  monamine  that  may  be  con- 
sidered as  derived  from  ammonia  by  the  substitution  of  two 
phenyl  groups  for  two  atoms  of  hydrogen.  It  is  prepared 
by  heating  aniline  hydrochloride  with  aniline  to  250°  in  a 
closed  vessel  from  which  the  NH^  is  allowed  to  escape  from 
time  to  time. 

C,H^'NH^'HCl+  C^H^'NH^  =  NH{C,HX  + NH.HCl 

The  excess  of  aniline  employed  decomposes  the  ammo- 
nium chloride,  so  that  a  mixture  of  aniline  hydrochloride 
and  diphenyl  amine  is  left;  on  adding  water,  the  diphenyl 
amine  is  left  undissolved  and  is  obtained  by  filtration. 
Diphenyl  amine  forms  crystals  that  fuse  at  54°  and  boil 
at  310°.  It  does  not  dissolve  in  water,  as  has  been  already 
mentioned,  but  it  is  freely  soluble  in  alcohol,  ether,  benzene, 
and  petroleum.  It  has  an  agreeable  odor.  It  is  a  weak 
base,  its  salt  being  readily  decomposed  by  water.  When 
heated  with  a  mixture  of  sulphuric  and  oxalic  acids,  it 
yields  a  beautiful  blue  color  that  is  known  as  diphenyl-atnine 
blue.  When  diphenyl  amine  is  acted  on  by  nitric  acid,  three 
atoms  of  hydrogen  in  the  phenyl  group  are  replaced  by 
NO^y  \yro(}i\iQ\ng  hexanitro-iliphcnyl  amine  ^ff[C^HJ(^NO^^^, 
in  which  the  remaining  ammonia  hydrogen  may  be  replaced 
by  NH^y  yielding  a  compound  that  has  the  composition 
N{NH^[^C^H^{NO^^^^  and  is  known  commercially  as 
aitrantia.  It  is  a  beautiful  orange-colored  dye.  When  a 
trace  of  nitric  acid  is  added  to  a  solution  of  diphenyl  amine 
in  strong  sulphuric  acid,  an  intense  blue  color  is  developed. 
This  is  used  as  a  very  delicate  test  for  nitric  acid. 

90.  Acid  Derivatives  of  Aniline. — These  compounds, 
known  as  anilhieSy  may  be  considered  as  amides  in  which  the 
hydrogen  atoms  are  either  partly  or  entirely  replaced  by 
phenyl.     They  may  be  formed : 


1.     By  the  ftctlon  of  add  chl<xldei  on  atriline,  aa  is  s 
from  the  following  equation: 


3.    By  heating  aniline  salts  with  oisaok  acids;  thus: 
C^H^NH^JrCJJfiOH  ^  C^H^NH-CJf,0-\-N,0 

Formanilide  C,H^HN{CHO)  is  prepared  by  heating  aniline 
and  formic  add.  It  crystallises  ia  prisms  that  melt  at  46°, 
and  is  easily  soluble  in  water  as  well  as  in  ether  and  alcohol 
Acetanilide  CJlJINCJIfi  is  prepared  either  by  boiling 
aniline  with  gladal  acetic  acid  for  tevcsal  daya,  or  by  the 
action  of  acetic  anhydride  <m  aniUne  In  the  jvesence  cf  a 
caustic-soda  solution.  It  crystalUaes  in  white,  shining 
prisms  that  melt  at  about  112°  and  v<datQiae  at  S9fi°,  with- 
out undergoing  decomposition.  It  is  qiaringly  solnble  in 
cold  water,  but  readily  dissolves  in  hot  water,  alcohol,  and 
ether.  This  and  metkyl-euftaniiuU  C/iJiCH)NCJl,0, 
which  melts  at  103°,  are  used  as  a  remedy  gainst  headache, 
and  the  latter  is  known  pharmaceutically  as  exalgiu. 

91.  Amldo  Toluenes-  —  The  three  totuidincs 
CJi^CH^NH^  result  from  the  reduction  of  the  three 
corresponding-  nitro  toluenes.  They  are  metameric  with 
methyl  aniline.  They  are  also  present  in  coal  tar. 
Orthotoluidine  is  a  colorless  liquid;  its  specific  gravity  is 
1.00;i,  it  boils  at  105°,  and  changes  to  pink  when  exposed  to 
the  air.  It  is  colored  violet  by  a  solution  of  chloride  of 
lime,  and  blue  by  sulphuric  and  nitrous  acids  and  ferric 
chloride.  Mctatoltiidine  is  a  colorless  liquid,  has  a  specific 
gravity  of  .!)!18,  and  boils  at  202°.  Paratoluidine  is  a  solid, 
heavier  than  water.  It  crystallizes  from  its  dilute  alcoholic 
solution  in  larjifc  plates;  it  fuses  at  45°,  and  boils  at  98°.  It 
is  almost  insoluble  in  water,  but  freely  soluble  In  alcohol  and 
in  ether.  It  is  not  colored  by  chloride  of  lime.  Toluidine 
exists  nearly  always  in  commercial  aniline.  It  is  important 
and  necessary  for  the  preparation  of  certain  aniline  colors. 
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92.  Amldo  Benzenes. — Benzyl  amine  C^H^-CH^NH^^ 
which  is  metameric  with  toluidine,  is  obtained,  together 
with  dibenzyl  amine  (C^H^CH^)^NH  and  tribensyl  amine 
[C^HjCH^^N^  when  benzyl  chloride  is  heated  with  alcoholic 
ammonia : 

CJf,'CH^Cl-\-NH,  =  CJI.CH^NHJiCl 

By  distilling  the  hydrochloride  thus  obtained  with  potash, 
benzyl  amine  is  obtained  as  a  colorless,  limpid  liquid  that 
boils  at  185°  and  is  miscible  with  water,  alcohol,  and  ether. 
Tribenzyl  amine  crystallizes  in  beautiful,  colorless  needles  or 
plates  that  fuse  at  91°.  It  does  not  dissolve  in  water,  is 
slightly  soluble  in  cold  alcohol,  and  very  readily  soluble  in 
hot  alcohol  and  ether.  Xylidine  C^HJi^CH^^NH^  occurs  in 
six  modifications,  all  of  which  are  known.  Amido-ortho- 
xylidine  C^HJ^CH^ :  CH^ :  NTI^^  or  1:2:4  amido-xylidine, 
is  a  solid,  melting  at  40°,  while  the  other  five  varieties  are 
liquids,  with  a  boiling  point  that  lies  between  212°  and  22G°. 
Naphthyl  amine  C^JI^-NH^  is  obtained  by  reducing  nitro- 
naphthalene  C^Jf^{yO^.  The  naphthyl  amine  thus  obtained 
is  o-naphthyl  amine;  it  crystallizes  in  fine,  colorless  needles, 
fusing  at  50°,  and  boiling  at  300°.  It  has  an  extremely  disa- 
greeable fetid  odor.  It  dissolves  sparingly  in  water,  but 
readily  in  alcohol;  though  its  reaction  is  not  alkaline,  it 
neutralizes  the  acids,  with  which  it  forms  well  defined  and 
cry stallizable  salts  that  give,  with  ferric  chloride,  a  blue  pre- 
cipitate, changing  to  purple  oxynaphthyl  amine  C^JI^NO, 
)3-naphthyl  amine  crystallizes  in  pearly  needles,  is  fusible 
at  112°,  and  boils  at  294°.  It  gives  no  color  with  ferric 
chloride. 

93,  Dlamldo Benzenes. — Diamido benzeiies  C^H^ {NH^^, 
also  known  diS phenylene  diamines  NJIJ^C^H^^  are  di-substi- 
tuted  benzenes;  they  exist  in  three  modifications,  and  are 
prepared  by  reducing  the  three  modifications  of  dinitroben- 
zene.  They  are  di-acid  bases  forming  well  defined  salts. 
Metaphenylene  diamine  is  the  most  easily  prepared.  It 
crystallizes  in  tables,  melts  at  Q']"".  and  boils  at  287°.    Nitrous 
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acid  converts  it  into  Bismarck  brown,  the  presence  of  the 
slightest  trace  of  this  add  being  shown  by  the  yellow  colora- 
tion it  gives  with  the  diamine.  Paraphenylene  diamine 
crystallizes  in  plates.  ToluyUne  diamine  CjlJ^CH^(NH^^ 
(1 : 2 : 4)  is,  as  metadiamine,  easily  obtained  by  the  reduction 
of  dinitrotoluene  C^ff^{CIf^)(NO^\.  It  is  used  in  the  prep- 
aration of  certain  red  dyestuffs.  The  xylene  diamines 
CJfIJljCH^^{NH^^  are  homologous  with  the  above.  The 
diamido  naphthalenes  C^JIJl^NH^^^  also  known  as  naphthyUne 
diamines^  corresponding  wit^  phenylene  diamine,  are  obtained 
by  the  reduction  of  dinitronaphthalenes. 


AMIDBS* 


04«  These  compounds  may  be  considered  as  composed 
on  the  model  of  ammonia  by  the  substitution  of  an  acid 

radical  for  hydrogen.     Acetamide  CHjC\^    *  consists  of 

the  acetyl  radical  CH^COj  which  has  replaced  one  of  the 
hydrogen  atoms  of  ammonia  NII^.  These  compounds  may 
be  either  primary,  secondary,  or  tertiary,  according  to  the 
number  of  hydrogen  atoms  that  have  been  replaced.  For 
example: 

NH^^C,Hfi       NH\CJJ,0)^       N{C,Hfi\ 

primary  secondaxy  tertiary 

acetamido  acetamido  acetamide 

Of  these  compounds,  the  primary  amides  are  the  most 
important;  they  are  solid  crystalline  compounds,  sparingly 
soluble  or  insoluble  in  water,  but  soluble  in  alcohol  and 
ether.  They  can  be  distilled  without  decomposition.  They 
differ  from  the  amines  by  being  easily  saponifiable,  by  break- 
ing up  into  their  components,  i.  e.,  acid  and  ammonia,  when 
strongly  heated  with  water  or  boiled  with  the  alkalies. 
Further,  amides  may  be  either  monamides,  or  diamides,  or 
triamides,  according  to  the  number  of  ammonia  molecules 
that  take  part  in  their  formation.  Amides  may  be  prepared 
from  ammonia,  in  a  similar  manner  to  the  amines,  by  the 
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action  of  the  chloride  of  an  acid  radical,  as  seen  from  the 
following  equation: 

CH,C0'a+2N//^  =  CH^CO  NH^^NH^HCl 

or  by  the  action  of  an  ethereal  salt,  when  the  hydrogen  is 
exchanged  for  the  acid  radical : 

Another  method  of  preparing  amides  consists  in  dehydra- 
ting, by  heat  or  otherwise,  the  ammonia  salts  of  the  acids, 
whereupon  the  hydrogen  of  the  ammonia  and  the  (?/f  group 
of  the  acid  will  form  water,  leaving  the  group  NH^  combined 
to  the  acid  radical.  The  following  equation  may  serve  as  a 
characteristic  example  : 

CH^COJSIH^  =  Cir.CONir^+H^O 

Nitrous  acid  converts  the  primary  amides  into  the  corre- 
sponding acid : 

Dehydrating  agents  convert  the  primar}^  amides  into 
nitriles  (cyanides)  of  hydrocarbon  radicals: 

CHJCONH^  ^  CH,C'N-\-Hfi 

95»  Fopmamldc. — Formamide  IICONH^,  the  amide  of 
formic  acid,  is  obtained  by  the  dry  distillation  of  ammonium 
formate,  or  ammonium  oxalate,  or  by  heating  ethyl  formate 
and  ammonia  to  100°  in  a  sealed  tube.  It  is  a  liquid  that  is 
readily  soluble  in  water  and  alcohol ;  it  boils  with  partial 
decomposition  at  193°,  and  breaks  up  into  CO  and  NH^  when 
quickly  heated  to  about  200°.  It  yields  hydrocyanic  acid 
when  heated  with  Pfi^\ 

^HCO'NH^  +  P^O,  =  ^HCN+^2H^P0^ 

Methyl  forvtamide  HCONHCH^  is  prepared  by  distilling 
methyl  amine  formate.  Rthyl  formamide  HCO-NHC^H^  is 
obtained  by  the   action  of  ethyl  amine  on  ethyl  formate. 
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Ethylene  diforniamide  {HCO)^N^HJ{C^H^  is  obtained  by 
heating  ethyl  diamine  and  chloral: 

It  is  a  liquid  that,  when  heated  with  acids  or  alkalies,  is 
decomposed  into  ethylene  diamine  and  formic  acid. 

96.  Acetamlde. — Acetamide  C^Hfi-NH^^  the  amide  of 

acetic  acid,  may  be  prepared  by  distilling  a  mixture  of  dry 

sodium  acetate  and  sal  ammoniac.     It  crystallizes  in  long 

needles,  fuses  at  82"^  and  boils  at  222*'.    It  dissolves  readily  in 

water  and  alcohol,  but  sparingly  in  ether.    When  heated  with 

acids  or  alkalies,  i  t  is  decomposed  into  acetic  acid  and  ammonia. 

It  has  a  disagreeable  odor.     Solution  of  acetamide  dissolves 

silver  oxide  and  precipitates  silver  acetamide  CJffi-NHAg, 

When  boiled  with  mercuric  oxide,  it  yields,  on  cooling, 

crystals  of  mercuric  acetamide  (CJifi'NH)Jlg,    Chlaracei- 

amides  can  be  prepared  from  the  three  chloracetic  acids,  as 

acetamide  may  be  prepared  from  acetic  acid.     They  are  as 

follows : 

Monochloracetamide  CH^CICONIT^ 

Dichloracctamide        CHCl^CO  •  AY/, 

Trichlorace  tamide      CCl^  CO  •  NH^ 

They  are  crystalline  solids;  their  fusing  points  lie  between 
90°  and  13(>°,  and  their  boiling  points  between  224°  and 
240°.  Diacctamidc  {CH^CO)^NH  \^  a  crystalline  compound 
that  fuses  at  T8^  and  boils  at  223°.  Triacctamidc  {CH^CO)^N 
melts  between  TB"  and  711°. 

97.  Amidesof Benzene, Etc. — BcnzamideCJJjCO^NH^ 

is  prepared  by  the  action  of  ammonia  on  benzoyl  chloride: 

Cjr^CO'Ci+'lXH.^  =  XH^Cl^C.H^CONH^ 

It  may  also  be  obtained  by  the  action  of  ammonia  on 
cthvl  bcnzoate 

Cjr,-COOCM^^-Xff,  =  CJffiH^C^H^-CONH, 

It  is  a  brilliant,  colorless,  crystalline  body  that  fuses  at 
130'',  and  volatilizes,  undccomposcd,  between  286**  and  290°. 
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It  IS  sparingly  soluble  in  cold  water,  but  dissolves  freely  in 
hot  water,  alcohol,  and  ether.  Its  reactions  are,  for  the 
most  part,  similar  to  those  of  acetamide ;  it  forms  a  crystal- 
line compound  with  HCL  Its  aqueous  solution  dissolves 
mercuric  oxide,  forming  benzene  mercuramide  C^HjCO-NHg. 
Glycolamide  CHJ1^0H)C0'NH^  is  prepared  by  heating 
glycolide  in  ammonia: 

{C//,'C0),0,+  2IVI/^  =  2CH^{0H)C0  NH, 

It  crystallizes  in  needles  that  melt  at  120°.  It  is  soluble 
in  water  and  possesses  a  sweet  taste.  Acids  and  alkalies 
convert  it  into  ammonia  and  glycolic  acid. 

Lactamide  C^H J^OfT)CONH^  is  obtained  in  crystalline 
form  when  an  alcoholic  solution  of  lactide  is  treated  with 
ammonia,  and  the  liquid  concentrated  by  evaporation.  It 
melts  at  74°,  and  is  soluble  in  water  and  alcohol. 

98.  Sulplionamlcles. — Sulphonamidcs  are  the  amides  of 
sulphoriic  acid;  for  example,  C^H^-SO^NII^  is  benzene  sul- 
phonamide.  One  of  the  most  important  compounds  of  this 
class  is  1  :  2  benzoic  sitlphonamide  CJIJ^CO^H)'SO^NH^, 
which  is  the  parent  substance  of  saccharine,  the  well  known 
sugar  substitute.     Saccharine  is  1  :  2  benzoic  sulpho-imide 

By  treating  toluene  C^HJ^CH^  with  sulphuric  acid,  it  yields 
ortho-  and  para-tolucne  sulphonic  acids  CJi^{CH^SO^OIf  \ 
these  are  oxidized  to  the  corresponding  benzoic  sulphonic 
acids  C,HXCO^H)'SOfiH,  which,  by  treatment  with  PCl^, 
become  the  dichloride  CJIXCOCl)SO^Ci.  Ammonia  con- 
verts the  1  :  4  derivative  into  CJ/,(CON/Q'SO^NH^, 
which  is  insoluble  in  water,  and  the  1  :  2  derivative  into 
C^H^{CO^NH^)-SO^jV/I^y  which  is  sdlnhlc;  when  an  acid  is 
added  to  a  solution  of  the  latter,  saccharine  is  precipitated. 
Saccharine  melts  at  224°;  it  is  only  sparingly  soluble  in 
water,  but  readily  in  the  alkalies,  since  the  H  in  the  NH 
group  is  replaceable  by  metals  to  form  soluble  salts.  Sac- 
charine is  said  to  be  280  times  sweeter  than  cane  sugar. 


1l'i» 
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90«  Constitution  of  Frlmaix  Amfdnw. — The  constitu- 
tion of  the  primary  amides  may  be  represented  by  two 
formulas: 


and,  although  the  two  amides  oorresponding  to  both  for- 
mulas apparently  do  not  exist,  many  derivatives  of  amides 
are  known  to  exist  in  both  f ormsf  for  instatice,  eiAyl  acet- 
amide  has  the  constitution 


^^-^^>ifHCJt^ 


and  the  compound  known  as  acetimida  ether  has  the  con- 
stitution represented  by  the  formula 

The  constitution  of  aeetamide  is  generally  represented  as 

but  by  acting  on  it  with  PCl^y  acetamido  chloride  is  obtained, 
the  constitution  of  which  is 


CH,< 


CI. 


This  compound  readily  loses  HCt,  and  is  thus  converted 
into  acetimido  chloride 

which  certainly  is  a  derivative  of  an  amide,  whose  constitu- 
tion corresponds  with  the  formula 

in  which  an  atom  of  CI  has  replaced  the  group  OH. 
The  compounds  known  as  autidincs 
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may  be  regarded  as  derived  from  either  formula,  although 
the  fact  that  they  are  obtained  by  treating  imido  chlorides 
with  ammonia  (or  primary  amines)  seems  to  indicate  that 
they  are  derived  from  the  second  formula: 

The  atHtdoximcs 

* 

may  be  regarded  as  derived  from  the  amidines;  they  are  the 
products  of  the  action  of  hydroxyl  amines  on  the  cyanides 
(nitriles) ;  thus,  hydrogen  cyanide  and  hydroxyl  amine  yield 
isuret  (methenyl  amidoxime),  isomeric  with  urea: 

HCN+N//^0//  =  HC\N'OH)'NH^ 

100.  Amides  and  Ainlc  Acids. — There  exist  two  dis- 
tinct classes  of  amides  originating  from  dibasic  organic 
acids;  namely,  one  that  is  formed  by  the  substitution  of 
NH^  for  the  hydroxyl  radical  in  both  carboxyl  groups,  and 
bears  the  name  amides ;  and  the  other  in  which  only  one 
hydroxyl  group  is  removed  by  substitution,  called  amic 
acids.  Oxalic  acid  COOH-COOHy  for  example,  yields 
CONH^'CONIf^,  known  as  oxamide,  and  COOH^CONH^, 
known  as  oxamic  acid.  The  amic  acids  may  be  regarded  as 
being  derived  from  the  acid  ammonium  salts  by  the  abstrac- 
tion of  a  molecule  of  water ;  for  example, 

^^"^<COOH  mmus/f,0=  CJI,<^^^^^ 

acid  ammonium  succinate  succinamic  acid 

COONH^'  COOII       minus  Hfi  =       CONH^^  COOH 

acid  ammonium  oxalate  oxamic  acid 

101.  Oxamlde.  —  Oxamide  {CONH^^  is  precipitated 
when  ethyl  oxalate  is  shaken  with  aqueous  ammonia: 


It  may  also  be  formed  by  the  diy  diBtUlatkm  of  ammor 
Mum  oxalate : 

It  16  a  white  cTystallme  powder,  and  is  insoluble  in  cold 
water  ^^^  alcohol,  but  somewhat  soluble  in  boiling;  water, 
from  which  It  is,  however,  redepoated  on  cooling.  It  may 
be  crystallized  in  needles  from  a  hot  saturated  solation  <^ 
calcium  chloride.  Oxamide  is  partly  sutdimed  when  heated, 
the  greater  part,  however,  being  decomposed.  When  heated 
to  200°  with  water,  it  is  converted  into  ammonitim  oxalate. 
If  its  vapor  is  passed  through  a  red>hot  glass  tube,  the 
oxamide  is  completely  decomposed  into  carbon  monoxide, 
carbon  dioxide,  ammonia,  bjnlrocyanic  acid,  and  urea,  as  is 
seen  from  the  following  equation: 

Z{CONHX  =  CO-\-CO^-Jr  NH^-\-CNH-\-CN,H,0    ■ 

When  boiled  with  dilute  mineral  adds,  (»tanaide  is  decom- 
posed into  oxalic  acid  and  an  ammonia  salt : 

(CON//X  +  ^^,-^0,  +  2//,0  =  (COOH\-\-(NHXSO, 

Boiled  with  alkalies,  it  yields  oxalates  and  ammonia. 

The  substituted  oxamides  containing  alcohol  radicals  are 
produced  by  the  action  of  the  primary  amines  on  ethyl 
oxalate;  for  example: 


NHCJI. 
ictliyl  oxamide  diethyl  oxamide 


^XHCH, 


^011  • 


CONH^COOH,    is   readily 


prepared   ijy  liuating  acid  ammonium  oxalate   to  between 

""■oSr'"""   »-»-"■' 

It  is  a  yellowish-white  crystalline  powder,  sparingly  sol- 
uble in  cold  water,  and  nearly  insoluble  in  alcohol  and  ether. 


§  U  ORGANIC  CHEMISTRY.  75 

It  fuses  at  173°,  and  decomposes,  yielding  oxamide,  formic 
acid,  and  water. 

102.  Succlnamlde.  —  Succinamide  CJ^I^CONH^^  is 
obtained  by  the  action  of  ammonia  on  ethyl  succinate.  It  is 
insoluble  in  cold  water  and  alcohol,  but  soluble  in  hot  water, 
from  which  it  crj-stallizes  in  needles.  When  heated  to  200°, 
it  yields  ammonia  and  succinimide. 

Succinimide  CJI^{CO)^XI{,  or  (;',//^<  ,  ,> AV/,  is  fomicd 

by  heating  succinic  anhydride  C^Hfi^  in  a  current  of 
ammonia.  It  crj-stalliz.cs  in  rhombic  plates,  melts  at  12G°, 
and  boils  at  280°.  It  is  readily  soluble  in  water  and 
alcohol.  A  hot  alcoholic  solution  of  succinimide,  mixed  first 
with  ammonia  and  then  with  silver  nitrate,  yields,  on  cool- 
ing, large  crystals  of  silver  succinimide 

and  when  this  salt  is  dissolved  in  ammonia,  it  yields,  by 
spontaneous  evaporation,  silver  aunnonium  succinimide 

C,H,<[!^^^>N{Nir,Ag) 

which  is  first  obtained  as  a  syrupy  mass,  but  soon  solid- 
ifies  to   a  mass  of   hard  brittle  crystals.     Sueeinamic  acid 

CO  v// 

^x^K'^rnVTJ  ^^  prepared  from  the  barium  salt  obtained  by 

heating  succinimide  with  baryta  water: 

CO 
^CJI^K^-^^^NH-yrBa^OH)^  =  [CJ/,{COX/Q{COO)]J>'a 

This  acid  is  a  crystalline  body  that  is  readily  decomposed 
by  the  action  of  the  alkalies  into  succinic  acid  and  ammonia. 

103.  Carbaiiiiclo  or  Urea.  —  Carbamide  or  urea 
^(^"^fjjT  i^^y  ^^^  regarded  as  the  diamide  of  carbonic  acid 

CO(OIf)^,  It  was  discovered  by  Von  Rouelle  in  urine  in 
1773,  and   was  first   svnthesized   bv  Wohler  in  1828,  who 


obtained  it  by  heating  an  a<jueoiis  aolntioa  of  amTTinninm 
isocyanate  CONNH^  =  COiNH^.  It  was  the  first  instance 
dS.  the  sncoessful  sjrathesis  of  an  organic  body.  It  occurs  in 
variotis  animal  fluids,  chiefly  in  the  nrine  of  mammals,  hut 
it  is  also  present  in  minute  quantities  in  Qw  urine  of  tnrds 
and  reptiles.  A  full-grown  man  void^  cm  an  average,  about 
30  grams  of  urea  daily.  It  is  formed  artificially  by  many 
different  reactions: 
1.     By  the  action  of  carbonyj  chloride  on  ammonia: 

S.     By  the  action  of  ammonia  on  eUtyt  carbonate': 

ethyl  carbonate  area  alcobal 

3.  When  ammonium  carbamate  is  heated  to  about  135° 
under  pressure  in  a  sealed  tuber 

animonium  carbamate 

4.  Whun  oxamidc  is  hcnted  with  mercuric  oxide: 

oxamido 
Urea  may  be  obtained  from  urine  by  the  following 
process:  A  quantity  of  urine  is  filtered  to  separate  it  from 
any  mucus  that  miyht  be  present,  and  is  then  evaporated  on 
a  water  bath  to  about  one-eighth  of  its  original  bulk,  cooled, 
and  mixed  with  an  equal  volume  of  cold,  pure  nitric  acid; 
the  mixture  is  iillowed  to  stand  in  a  cool  place  for  about 
24  hours,  when  a  mass  of  brown  crystals  will  have  been 
formed.  These  are  collected  on  a  filter,  washed  with  ice- 
cold  water  imtil  the  washings  are  nearly  colorless,  dissolved 
in  boiling  water,  and  mixed  with  precipitated  ^uCC,,  rubbed 
to  a  paste  with  wateraslongasthe  addition  of  5aC(?,  causes 
effervescence.      The  excess   of   BaCO,  is  filtered  off,  the 
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filtrate  evaporated  on  a  steam  bath,  when  a  mixture  of  urea 
and  barium  nitrate  is  obtained,  from  which  the  urea  may  be 
extracted  by  strong  alcohol  and  crystallized  by  evaporation. 

The  artificial  preparation  of  urea  is  readily  accomplished 
in  the  following  manner:  Potassium  isocyanate  is  prepared 
by  heating,  in  an  iron  dish,  28  parts  of  well  dried  potassium 
ferrocyanide  with  14  parts  manganese  dioxide,  to  dull  red- 
ness, and  stirring  until  it  ceases  to  smolder.  The  mass  is 
allowed  to  cool  and  then  coarsely  powdered,  treated  with  cold 
water,  and  filtered.  To  the  filtrate,  which  is  a  solution  of 
potassium  isocyanate,  are  added  20  parts  of  crystallized 
ammonium  sulphate,  which  is  then  evaporated  to  drj'ness  on 
a  water  bath,  and  the  residue  treated  with  alcohol  to  extract 
the  urea. 

Urea  crystallizes  in  long  rhombic  prisms  or  needles  that 
have  a  cooling  taste  like  niter.  Urea  dissolves  in  1  part  of 
cold  water  and  5  parts  of  alcohol,  but  is  nearly  insoluble  in 
ether.  It  melts  at  132°,  and  above  this  temperature  breaks 
up  into  ammonia,  biuret,  and  cyanuric  acid.  When  urea  is 
heated  with  water  above  100'',  or  when  boiled  with  alkalies 
or  acids,  it  decomposes  into  carbon  dioxide  and  ammonia.  A 
similar  decomposition  occurs  in  urine.  Nitrous  acid  decom- 
poses urea  in  the  same  manner  that  it  decomposes  all  other 
amides : 

An  alkaline  hypobromitc  decomposes  urea  into  nitrogen, 
carbon  dioxide,  and  water: 

CO<Jff^'  +  3.VaOBr  =  C0^  + y^  + 2/1^0 +  3yaBr 

Urea  forms  crystalline  compounds  with  acids,  bases,  and 
salts.  Urea  nitrate  CILNO.HNO,  crystallizes  in  little 
shining  leaves  that  are  only  very  sparingly  soluble  in  nitric 
acid.  Urea  oxalate  CO{NH^)^C.^H^O^,'ilAq  cr>'stallizes  also 
in  leaf-shaped  crystals  that  are,  however,  solul)le  in  water. 
On  evaporating  a  solution  containing  both  urea  and  sodium 


y^-lQi:^^^  _ 
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chloride,  the  compound  CH^Nfi^NaCl^%Aq  sepamtes  in 
shining  crystals. 

104«  Biuret  or  Allophanamlde. — Biuret  or  aUophan- 
amide  NH{CONH^^  is  obtained,  as  has  been  previously 
stated,  when  urea  is  heated  above  100^ : 

Biuret  is  readily  soluble  in  alcohol  aiod  water,  and  crystal- 
lizes  with  one  molecule  ^  water. 

Ethyl  cMophanate  NH^.CO'NU'QOOCfi^  or 
is  obtained  when  urea  is  acted  oa  hf  ethyl  chlorcarbonate: 

co<%%^-\-coa.oc,H^  =  f^<^''^^^<NH.CO.OC,H, 

It  crystallizes  in  shining  prismatic  crystals  that  are  soluble 
in  water  and  alcohol.  Treated  with  caustic  baryta,  ethyl 
allophanate  yields  the  barium  salt  of  allophanic  acid 
C^HJ^JD^\  but  this  acid  cannot  be  obtained  in  the  free  state, 
because  if  an  attempt  is  made  to  separate  it  from  the  barium 
salt,  the  acid  is  immediately  resolved  into  urea  and  carbon 
dioxide. 

Thiocarbamide^  or  sulpho-urca  CS{NH^^^  is  the  amide  of 
thiocarbonic  acid  CS{OH)^.  It  is  obtained  from  ammonium 
thiocyanate  CS:  NNH^y  just  as  urea  is  obtained  from  isocya- 
nate.  It  crystallizes  easily  from  hot  water  in  thick  rhombic 
prisms  that  dissolve  easily  in  water  and  alcohol,  but  with 
difficulty  in  ether;  they  possess  a  bitter  taste,  and  closely 
resemble  urea  in  its  chemical  reactions;  it  melts  at  169°. 

105.  Carbamlc  Acid.— Carbamic  acid  CO{NH^)OH 
does  not  exist  in  the  free  state,  but  it  seems  that  its  ammo- 
nium salt  (ammonium  carbamate)  is  contained  in  commercial 
ammonium  carbonate,  and  is  formed  by  the  direct  imion  of 
two  molecules  of  ammonia  with  carbon  dioxide: 

2NH,  +  C0,  =  CO{NII,)ONI/, 
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It  is  a  white  mass  that  breaks  up  at  OC  into  2X1  f.^  and 
CO^y  which,  however,  combine  again  on  cooling.  When 
ammonium  carbamate  is  heated  in  a  sciiled  tube,  to  130^  to 
140°,  it  yields  ammonium  airbonate  and  urea: 

2C0{NIi;)0Nn,  =  CO{OXIIX+CO{XHX 

The  esters  of  carbamic  acid  arc  called  urcthancs;  th«y  may 
be  obtained  by  the  action  of  ammonia  on  carbonic  estet^  at 
ordinary  temperature;  for  instance, 

mm  9  & 

ethyl  carbonate  "^"'Z'  cartamatc 

^  or  uretliane 

or  by  the  direct  union  of  cyanic  acid  with  the  alcohols;  for 
example, 

CO :  iV//+  r//,.  Oil  =  CO<^J^.'^^ 

.,  methyl  mollivl 

cyanic  acid         ,^^^^^^1^  urctlia'nc 

The  urethanes  are  crystalline  volatile  bodies,  soluble  in 
alcohol,  ether,  and  water.  Alkalies  decompose  them  into 
CO^y  ammonia,  and  the  alcohols.  They  yield  iu*ea  when 
heated  with  ammonia: 

,       CO<^J^^^^  +  A7/,  =  CO<^^fl^^^  +  r.//..  OH 

Conversely,  on  heating  urea  with  alc()h(.>ls,  the  urcthancs 

are    regenerated.     MctJiyl  carbamate^    or   tntthyl  urctJianc 

Nil 
CO<^^lr,  crystallizes  in  plates  that  melt  at  5"^ '  and  boil  at 

'  XI  f 

177°.     Ethyl  carbamate^  or  ctJiyl  urctJianc  ^^^</i/- //»  ^*^n- 

sists  of  large  plates  that  melt  at  5:r  and  boil  at  IIK")^.     Ally  I 

XII 
carbamate  ^^</9^ //  i^  '^  solid  that  melts  at  21"^  and  boils 

at  204°. 

106.     T  li  i  o  e  a  r  b  a  111  I  c    A  e  i  d. — Thiocarbamic    acid 

XII 
CO<c^Tr^    is  not  known   to  exist   in   the  free   state.      Its 

0/7 
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ammonium  salt  is  prepared  by  leading  COS  into  alcoholic 

ammonia.     It  is  a  colorless,  crystalline  mass  that,  however, 

owing  to  the  formation  of  ammonium  sulphide  when  exposed  to 

the  air,  soon  acquires  a  yellow  color.    When  heated  to  130°,  it 

is  decomposed  into  urea  and  hydrogen  sulphide.    Dtthiocar- 

NH 
bamic  acid  CS<  ^^'  is  obtained  as  a  red,  oily  liquid  by  the 

decomposition  of  its  ammonium  salt  with  dilute  sulphuric  acid. 
Dithiocarbamic  acid  is  easily  decomposed  into  sulpho-cyanic 
acid  CN'SHaxid,  H^S,  Water  decomposes  it  into  cyanic  acid 
and  2//^S.  Its  ammonium  salt,  ammonium  thiocarbamate 
NH^'CS'SNH^  is  formed  when  ammonia  in  alcoholic  solution 
acts  on  carbon  disulphide  : 

It  crystallizes  in  yellow  prisms  or  needles. 

107.     Giianldlnes. — These  compounds  are  amidines  of 

carbonic  acid.  Guanidine,  the  parent  substance,  is  also 
known  as  itnido-nrca,  since  it  may  be  considered  as  contain- 
\\\^  an  imido  group  in  the  place  of  the  oxygen  of  urea;  thus, 
CO{NI{^),^  is  urea  and  C{NH){NH^^  is  guanidine.  Guani- 
dine was  first  obtained  by  the  oxidation  of  guanine  (a  sub- 
stance closely  related  to  uric  acid  and  found  in  guano)  with 
hydrochloric  acid  and  potassium  chlorate.  Since  then  it  has 
been  prepared  by  the  following  reactions  : 

1.  When  an  alcoholic  solution  of  cyanamide  is  heated  to 
100°  with  ammonium  chloride  : 

cyanamide  hydrochloride  of  guanidine 

2.  By  heating  chloropicr in  with  aqueous  ammonia  to  150°: 

chloropicrin  guanidine 
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3.  By  heating  ethyl  orthocarbonate  with  aqueous  ammonia 
to  150°: 

ethyl  ortho- 
carbonate 

4.  It  is  most  readily  prepared  from  thiocyanate,  which  is 
made  by  the  prolonged  heating  of  ammonium  thiocyanate 
to  180°  to  190**,  and  the  further  transposition  of  the  thio-urea 
that  forms  at  first : 

H  N  H  N 

'^hIt'CS  =  'Jj''^>CNHCNSH+H,S 

thio-urea  guanidine  thiocyanate 

The  guanidine  thiocyanate  thus  obtained  is  dissolved  in  a 
little  water,  mixed  with  half  its  weight  of  potassium  carbon- 
ate, and  evaporated  to  dryness,  whereupon  a  mixture  of 
guanidine  carbonate  and  potassium  thiocyanate  is  obtained. 
This  is  boiled  with  alcohol,  which  dissolves  the  thiocyanate 
and  iQQxes guanidine  carbonate  {N ^H J^)^' H JCO ^^  which  may 
be  recrystallized  from  water.  The  guanidine  carbonate  is 
converted  \n\.o guanidine  sulphate  {N^H^C)^H^SO^  and  decom- 
posed by  baryta  water;  the  filtrate  from  the  BaSO^  is  evapo- 
rated over  sulphuric  acid,  when  guanidine  is  obtained  as  a 
deliquescent  crystalline  substance.  It  is  very  freely  soluble  in 
water  and  alcohol,  has  a  strong  alkaline  reaction,  and  absorbs 
CO^  from  the  air.     With  acids  it  forms  crystallizable  salts. 

Guanidine  yiitrate  CN^H^HNO^  is  precipitated  when  nitric 
acid  is  added  to  an  aqueous  solution  of  guanidine.  It  crys- 
tallizes in  plates  from  water,  in  which  it  is  only  sparingly 
soluble.  Hydrochloride  of  guanidine  CN^H^HCl  yields  a 
platinum  salt  (CN^H^HCl)^PtCl^  that  crystallizes  in  yellow 
needles  and  is  only  sparingly  soluble  in  alcohol. 


AMIDO  ACIDS. 

108*  Amido  acids  may  be  prepared  from  chloro-sub- 
stituted  acids  by  treatment  with  ammonia:  thus,  if,  for 
instance,    monochloracetic  acid   is  treated  with   ammonia, 


amido-afetic  acid  is  obtained,  m  Is  teen  from  Uie  following 
equation: 

CH,ClCO,H-\-%NH,  a  CHJ^NH^'COJt-^NH^'HCl 

They  are  metameric  with  tlie  omldta,  bat  differ  from  these 
compounds  by  posaessing  a  greater  reaiatanoe  against  liydro- 
lyzing  agents;  that  is,  the  amido  grottpis  man  firmly 
attached  and  leas  easily  evolved  as  NA^  Nitrooa  add 
replaces  the  NH^  group  by  an  O/T  group,  as  in  the  case  of 
amines  and  amides,  a  hydro^  «cld  tesuUisg,  as  may  be  seen 
from  the  following  example: 

CHlNHit'COJ{-irNO-OH 

lOB.  Olyoocoll.  — Glycocdl,  or  mmuh-acetic  add 
CH^(NH^-COJI,  is  also  known  as  ^yetevu  or  glycime:  U 
was  discovered  by  Braconnot  In  1820,  who  obtained  it  by 
decomposing  glue  with  Ixdling  solphsric  acid.     It  owes  its 

name  to  this  method  of  formation  and  to  its  sweet  taste, 
being  derived  from  the  Greek  ■yAwsiJc,  glukus,  ' '  sweet, "  and 
KoXXa,  kolla,  "glue."  It  may  be  obtained  as  a  decomposi- 
tion product  when  hippuric  acid  is  boiled  with  concen- 
trated hydrochloric  acid: 

CO  OH 

I  -\.H^O  +  HCl 

CH^NHCO-C^H^ 

hippuric  acid 
:  COOH  I 

=    I  +C,H,COOH 

CH,NH,Ha 

or  by  the  action  of  ammonia  on  bromacetic  or  chloracetic 
acid: 

CJ!,aO,-^'lI^H,  =  NHJOI-^CHINH^COJI 

Glycocoll  is  a  solid  body,  crystallizing  from  water  in  large 

rhombic  prisms  that  are  soluble  in  4  parts  of  cold  water.    It 
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is  insoluble  in  alcohol  and  ether.  It  has  a  sweet  taste  and 
melts  with  deccMnposition.  Its  solution  has  a  feeble  acid 
reaction.  Heated  with  baryta,  it  is  decomposed  into  methyl 
amine  and  carbon  dioxide;  nitrous  acid  converts  it  into 
glycollic  acid.  Ferric  chloride  imparts  an  intense  red  color- 
ation to  glycocoll  solutions;  this  coloration  disappears  when 
acids  are  added,  but  it  is  restored  by  ammonia. 

An  aqueous  solution  of  glycocoll  will  dissolve  many 
metallic  oxides,  forming  salts;  of  these,  the  copper  salt 
\CHJ^NH^CO^jCuyHfi  is  very  characteristic.  It  crystal- 
lizes in  dark-blue  needles.  The  silver  salt  C H ^N H ^CO ^Ag 
crystallizes  on  standing  over  sulphuric  acid.  The  com- 
binations of  glycocoll  with  salts,  as,  for  instance, 
CII,{NH;iCO^H'NO,K  and  CH^(NH^)CO,H'NO,Ag,  are 
mostly  crystalline  bodies.  Glycocoll  yields  the  following 
compounds  with  hydrochloric  acid:  CHJ^NH^CO^HHCl 
and  %{CHJ^NH^COjr\'HCl,  The  first  is  obtained  with 
an  excess  of  hydrochloric  acid,  and  crystallizes  in  long 
needles.  The  nitrate  CH^^NH^COJIHNO^  forms  long 
prisms. 

1 10.     Methyl  glyeoeoll  CHJ^NHCH,)  -  CO,H  or 

is  also  known  as  sarcosine;  it  was  first  discovered  by  Liebig 
in  1847.  It  may  be  obtained  by  the  reaction  of  methyl 
amine  and  monochloracetic  acid,  by  an  interchange  anal- 
ogous to  that  which  yields  glycocoll : 

"'"'"''add ^''*'^'^  methyl  amine 

=  CH^{NHCH:)'C0,H+NH^{CH:^HCI 

sarcosine  methyl-amine 

sarcosme  hydrochloride 

It  is  also  formed  in  the  decomposition  of  creatine  and 
caffeine  by  baryta  water.  Sarcosine  crystallizes  in  rhom- 
boidal  prisms;  it  dissolves  readily  in  water,  but  only  with 
difficulty  in  alcohol.     It  melts  at  100^,  and  can  be  sublimed 
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withont  decomposition.  It  Is  neutral,  bnt  fonns  salts  with 
adds  that  have  an  acid  reactkML  Ignited  with  Boda-lime,  it 
evolves  methyl  amine. 

Trimuthyl  glycacoU,  or  J/ZOM/,  CffJiN{CIfJ^CO,C//,oT 

'  CH,<^^   **'>0,  occurs  already  formed  in  the  sugar  beet 

(Bfta  vu^aris) ;  hence,  it  is  preseid  in  Uw  molasses  from  the 
beet,  and  makes  the  I^ter  Talnable  for  obtaining  trimethyl 
amine.  It  is  also  fonnd  in  tite  teares  and  stalks  of  Lycium 
barbarum,  in  cotttm  seed,  mslt,  and  in  wheat  sproats.  It 
crystallizes  with  1  mcdecole  of  water  of  crystalluation. 
Betaine  may  be  formed  synthetically  by  tbc  action  of  tri- 
methyl amine  on  chloracetic  add; 

CHjClCO,H-\-N{CHX  =  CIIJiX{Cff;i^CO,Cff,  +  Na 
Betaine  hydrochloride  is  also  obtained  Ivy  the  careful 
oxidation  of  choline  hydrochl<Hide  (see  Art.  84) : 

NiC,ff,Off)iCffXCi+0, 

=  Cff,[N{CffX'i<^0,Cff,,ffCf+ff,0 

Betaine  is  soluble  in  water  and  alcohol,  and  forms  salts 
with  the  acids. 

111.  Hlppurtc  Add  CH,{NHC,H,CO)-CO,H.—1\i\s 
is  also  known  as  bensoyl  glycocoll  or  benzamido-acctic  acid, 
and  occurs  in  considerable  quantities  in  the  urine  of  horses 
and  cows,  from  which  it  may  be  prepared  by  boiling  it  with 
milk  of  lime  and  precipitating  the  concentrated  filtrate  with 
hydrochloric  acid.  For  purification,  the  crude  acid  thus 
obtained  is  washed  with  chlorine  water;  or,  the  solution  of 
the  crude  acid  in  soda  lye  is  boiled  with  sodium  hypochlorite, 
until  it  becomes  colorless,  and  the  solution,  after  cooling,  is 
again  precipitated  with  hydrochloric  acid.  Hippuric  acid 
may  be  prepared  synthetically  by  heating  benzoyl  chloride 
with  silver  glycocoll : 

CH,(NH,)-CO,Ag-^  C.H^COCl 
=  CH^{NHC,H,C0)-CO,H-\-AgCt 
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or  by  heating  benzamide  with  chloracetic  acid : 

CH^Cl'  CO,H+  C.HJCONH^ 
=  CHJiNHC.H^CO)'CO,H+HCl 

When  properly  purified,  hippuric  acid  crystallizes  in  long, 
colorless  prisms;  it  is  slightly  soluble  in  cold  water,  and 
freely  soluble  in  hot  water  and  alcohol;  it  is,  however, 
insoluble  in  ether,  which  distinguishes  it  from  benzoic  acid. 
Like  benzoic  acid,  it  dissolves  readily  in  ammonia,  and  is 
precipitated  in  feathery  crystals  by  hydrochloric  acid ;  but 
these  are  not  dissolved  by  the  addition  of  ether.  When 
heated  in  a  retort,  hippuric  acid  decomposes  and  yields  a 
sublimate  of  benzoic  acid.  At  the  same  time,  a  certain 
quantity  of  an  oily  body,  having  a  disagreeable  odor,  distils; 
this  is  phenyl  cyanide  C^H^CN, 

If,  in  the  preparation  of  hippuric  acid  from  urine,  the 
latter  is  in  the  slightest  degree  putrid,  the  hippuric  acid  is 
entirely  destroyed  during  the  boiling,  ammonia  is  disengaged 
in  considerable  quantities,  and  the  liquid  will  only  yield 
benzoic  acid,  which  does  not  exist  in  the  unchanged  secre- 
tion. In  cases  where  benzoic  acid  is  taken  internally,  it  is 
changed  in  the  system  to  hippuric  acid,  and  leaves  the  sys- 
tem as  such  in  the  urine,  in  which  it  may  be  readily  detected. 
Hippuric  acid  dissolves  so  abundantly  in  an  aqueous  solu- 
tion of  sodium  phosphate  that  this  solution  loses  entirely  its 
alkaline  character,  and  becomes  acid.  This  reaction  may 
explain  the  acid  character  of  fresh  urine  of  man  and  of 
herbivorous  animals.  Most  metallic  oxides  readily  dissolve 
in  hippuric  acid,  forming  hippiiratcs;  those  of  potassium, 
sodium,  and  ammonium  are  exceedingly  soluble  and,  conse- 
quently, very  difficult  to  crystallize ;  their  solutions  form  a 
cream-colored  precipitate  with  ferric  salts,  and  a  white, 
curdy  precipitate  with  silver  nitrate  and  mercurous  nitrate. 

GlycocoU  may  be  considered  as  the  parent  substance  of 
two  physiologically  important  compounds,  namely,  creatbie 
and  creatinine.  When  solutions  of  cyanamide  and  glycocoll 
are  mixed,  a  compound  that  has  the  formula 

CHlC(NH)[NH>i{NH)\COJi 
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is  obtained ;  this  compoand  is  known  as  gfyc&^yamine  or 
guanidthocetic  acidy  and  when  gtyoo-^Tamine  hydrochloride 
is  heated  at  160^,  it  loses  water  aiid  is  converted  into  gfyco- 
cyamidine  hydrackhridf  : 

glyco-cyamine  glyoo-cjramidine 

Ify  now,  instead  of  glycoooU,  methyl  glycocoll  (sarcosine) 
is  employed  and  mixed  with  igranamidet  we  obtain  creatine; 
thus: 

cyanamide     methyl  glyoocoll  craatiite 

Creatinine  (or  methyl  gljrco-cyamidine)  results  from 
creatine  in  precisely  the  same  way  as  glycoKgramtdine 
from  glyco-c3ramine: 

NH  y^H CO 

HNi  C<""ji„ .  -  „   -^  „  =  HNi  CC  I      +H/) 

N(CH,yCH,CO,ff  ^N{CHyCH^ 

creatine  creatinine 

11 2,  Creatine  and  Creatinine. — Creatine,  or  methyl 
glyco-cyamine  C^N^N^O^,  which  is  also  sometimes  called 
methyl  guafiidine-acetic  acid^  was  first  discovered  in  1834  by 
Chevreul  in  meat  extract.  Liebig  in  1847  subjected  it  to  an 
exhaustive  investigation.  It  is  found  especially  in  the  juice 
of  muscles.  It  may  be  prepared  by  treating  a  solution  of 
meat  extract  with  basic  acetate  of  lead,  filtering,  removing 
the  excess  of  lead  acetate  by  hydrogen  sulphide,  and  evap- 
orating the  solution  at  a  gentle  heat  until  it  crystallizes. 
The  crystals  are  separated  from  the  mother  liquor,  and 
alcohol,  added  to  the  latter,  precipitates  a  fresh  quantity 
of  creatine.  Creatine  crystallizes  with  1  molecule  of  water 
in  glistening  prisms,  which,  when  heated  to  100°,  sustain  a 
loss  of  water  and  become  opaque.  Its  reaction  is  neutral, 
it  has  a  faintly  bitter  taste,  and  dissolves  rather  readily  in 
boiling  water,  but  very  sparingly  in  alcohol  and  ether. 
Creatine   nitrate   CJi^Nfi^^HNO^  crystallizes   in    prisms. 
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When  solutions  of  the  salts  of  creatine  are  heated  above  30°, 
they  are  converted  into  salts  of  creatinine,  a  stronger  base 
containing  //,  and  O  less  than  creatine.  When  creatine  is 
boiled  with  baryta  water,  it  is  converted  into  sarcosine, 
ammonia  Ixiing  disengaged  and  barium  carbonate  precipitated 
at  the  same  time.  It  is  generally  considered  that  the  ammonia 
and  carbon  dioxide  are  produced  in  this  case  at  the  expense 
of  the  urea,  which  is  formed  directly  by  the  decomposition 
of  creatine: 

*  •  •  *      '  ^^^t    c/f,co,/r 

creatine  urea  sarcosine 

Creatinine  CJI^Nfi^  or  methyl  glycO'Cymnidinc^  occurs 
almost  constantly  in  urine  (about  .25  j^er  cent.)  and  is  readily 
obtained  from  creatine  by  heating  it  in  a  water  bath  and 
passing  a  current  of  pure  hydrochloric -acid  gas  over  it  so 
long  as  any  water  is  formed.  The  creatinine  hydrochloride 
thus  obtained  is  dissolved  in  water,  decomposed  by  lead 
hydrate,  the  solution  filtered  and  slowly  evaporated,  where- 
upon it  deposits  prismatic  crystals  of  CJI^N^Oy'ZAq  that  lose 
water  on  exposure  to  air  and  become  opaque.  It  is  much 
more  soluble  than  creatine  in  alcohol  and  water.  It  is  a 
strong  base  that  can  expel  ammonia  from  ammonium  salts, 
and  yields  crystallized  salts  with  acids.  Its  compound  with 
zinc  chloride  {C^H^N^O)^ZnCl^  is  particularly  characteristic. 
Zinc  chloride  precipitates  it  from  creatinine  solutions  as  a 
crystalline  powder  that  only  dissolves  with  difficulty  in  water. 
When  creatinine  is  boiled  with  baryta  water,  it  yields  ammo- 
nia and  methyl  hydantoin,  according  to  the  equation: 

This  compound  is  the  methylated  derivative  of  hydantoin^ 

Nil'  CO 
or  glycolyl-iirca  O :  C<  ,  7. , ,  ^^   and  is  eventually  decom- 
posed into  sarcosine,  C(?,,  and  NII^, 

11 3,  Amlclo-Proiiloiilc  Add. — Amido- propionic  acid 
CH^'  CH{NH^ '  CO^H,  also  known  as  alanhit\  is  derived  from 


o-cUor-  and  o-brom-proprioiiic  acidi,  iy  mauu  of  ammoiiu. 
It  foniiB  hard  needles  o<  a  nreetiih  taste,  whicli  dissolve  in 
about  5  parts  of  water,  and  ne  difficulty  Bolable  in  alcohol 
and  insoluble  in  ether.  -When  ezpoeed  to  heat  the  add 
begins  to  dur  at  about  387*,  and  melta  at  VX",  and  then 
sublimes  with  dectxnpositioo.  Nitrooa  acid  converts  it  into 
ethylidene  lactic  acid.  Butaimnime,  which  occurs  in  the 
pancreas  of  the  <»,  is  «-aniIdo-laovBl«ric  acid,  and  has  the 
formula  {CH^ :  CH-  CH{NH^-  COJI. 

114.  Zienolne. — Lendne,  or  ar«mido-€aproic  acid, 
C,ff„NO,  or  CH,(CH^,CH{ffHiCOJI,  was  discovered 
in  1818  by  Proust  in  old  dieeae;  its  oocnnence  is  phyao- 
logically  important  It  is  present  in  the  pancreas,  in  the 
spleen,  in  the  lymph  glands,  and,  in  tyi^ioid,  it  occurs  in  die 
liver.  It  is  a  product*  of  the  decay  cl  albuminoids.  It  is 
also  formed  when  horn,  gelatinous  tiaaoes,  or  albuminous 
matters  are  boiled  with  dilute  sulphuric  add,  or  fused  with 
potas^um  hydrate.  I  n  the  reacticmS)  tyrosiiu,  and  sometimes 
glycocoll,  is  formed.  Leucine  crystallizes  in  pearly  scales 
that  have  a  fatty  feel,  melt  at  270°,  and  sublime,  undecom- 
posed,  when  very  carefully  heated;  rapid  heating  breaks 
leucine  up  into  amyl  amine  and  CO^; 

It  is  soluble  in  48  parts  of  water  at  12°,  and  in  800  parts 
of  alcohol.  It  is  neutral  in  its  reactions,  but  forms  com- 
pounds with  acids  as  well  as  with  bases.  Hydriodic  acid 
converts  it  into  caproic  acid  and  ammonia: 

CJ{^J,NH^-CO,H-\-%HI  =  €,//„■  CO,// +NI/^+r, 
Treatment  with  nitrous  acid  converts  leucine  into  leucic 
or  hydroxy-caproic  acid : 

cjr„iA'//,)-co,//+//NO,  =  c^/r„{ffO)-co,//+jv^+//,o 

Leucine  may  be  prepared  synthetically  by  the  action  of 

ammonia  on  bromocaproic  acid; 

N//,+  C\//,,Br-CO,//  =  C,ff„{N//,)CO,//+ffBr 
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or  by  digesting  valeraldeliyde  ammonia  with  hydrocyanic 
and  hydrochloric  acids: 

C,H„ONH^  +  IICN+  HCI+  Hfi 
=  C,H,lNH:)CO,H^NH,a 

115.  T>TM>slne.  —  Tyrosine,  or  hydroxy-phenyl-amido- 
propionic  acid,  C\H^^NO,  or  CH^{C\H,OH)CH(NIQCOJf, 
is  formed  together  with  leucine  when  albuminoids  or  gelati- 
noid  substances  are  either  boiled  with  dilute  sulphuric  acid 
or  fused  with  potassium  hydrate.  It  may  be  prepared  by 
boiling,  for  IG  hours,  1  part  of  horn  shavings  with  2  parts  of 
sulphuri:;  acid  diluted  with  4  times  its  volume  of  water. 
The  liquid  is  then  neutralized  with  milk  of  lime,  filtered, 
the  filtrate  evaporated  to  half  its  volume,  acidified  with  sul- 
phuric acid,  and  then  treated  with  an  excess  of  lead  carbon- 
ate. The  solution  containing  the  tyrosine  as  lead  salt  is 
decomposed  by  hydrogen  sulphide,  filtered,  and  evap)orated. 
The  tyrosine  cr>'stallizes  out,  while  the  mother  liquor  con- 
tains leucine  in  solution.  Tyrosine  is  insoluble  in  ether, 
slightly  soluble  in  alcohol  and  cold  water,  dissolves  in 
150  parts  of  hot  water,  and  crystallizes  therefrom  in  long, 
slender  needles.  It  forms  definite  compoimds  with  both 
acids  and  bases.  Tyrosine  may  be  recognized  by  the  follow- 
ing reaction.  When  its  aqueous  solution  is  boiled  with  a 
solution  of  mercuric  nitrate,  a  voluminous  yellow  precipitate 
is  formed  that  assumes  a  deep  copper-red  color  by  boiling 
with  nitric  acid  containing  a  small  quantity  of  nitrous  oxide. 

116*  A.*«i>anM?lno. — Asparagine,  or  aiiiidO'SiicciuaDiic 
acid,  CJI.Nfi^  or  CJI.^NII,i^CO'Nir,^COOII.  occurs  natu- 
rally  in  asparagus.  Inlets,  the  roots  of  niarshmallow,  licorice 
wood,  and  in  the  buds  of  cereals,  peas,  vetches,  and  beans 
before  they  fiowcr.  It  may  be  prepared  from  marshmallow 
roots  by  chopping  thjm,  macerating  them  in  the  cold^with 
milk  of  lime,  preci])itating  the  filtered  liquid  with  barium 
carbonate,  and  eva]:)orating  the  clear  solution  over  the  water 
bath  to  a  syrup.  The  aspanigine  then  crystallizes,  on  cool- 
ing, in  shining  transparent  prisms  that  have  a  faint  cooling 
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taste,  and  are  moderately  splttUe  in  liot  wateri  but  insoluble 
in  alcohol  and  ether.  The  crystals  contain  1  mdecole  of 
water.  Asparagine  is  capable  of  acting  as  a  weak  acid  and 
as  a  weak  base.  In  contact  with  fermentSi  asparagine  is 
converted  into  ammonium  succinate.  When  actefd  cm  by 
nitrous  add,  it  is  converted  into  malic  add: 

CJ1J^HJ^C0NH^C0  0H^%HN0^ 
=  CJI^OH(COOH)(COOH)+N,+%H^O 

This  reaction  led  at  first  to  the  conclusion  that  asparagine 
was  an  amide  of  fnalic  add,  with  which,  however,  it  is  only 
isomeric.  Ordinary  asparagine  is  levorotary,  but  an  isomer- 
ide  has  been  found  in  the  mother  Uquor  from  crude  aspara- 
gine, which  is  dextrorotary  to  the  san^  extent,  and  is  mudi 
sweeter  than  ordinary  aspamgine.  A  scduticm  of  the  two  in 
equal  proportions  is  optically  inactive,  but  the  asparagines  are 
deposited  from  it  in  crjrstals,  which  aie,  respectively,  right- 
handed  and  left-handed.  The  isomeric  derivatives  from 
each  kind  retain  the  optical  properties  of  their  source. 
When  asparagine  is  boiled  with  acids  or  alkalies,  it  is  con- 
verted into  ajfiido'succinic  or  aspartic  acid  : 

C^H^NH,{CO^NH>i{CO'  OH)  +  Hfi 
=  C^H^NH^{CO'OH){CO'OH)+NH^ 

Aspartic  acid  occurs  in  beet  molasses,  and  is  obtained  by 
various  reactions  from  albuminous  substances.  It  crystal- 
lizes in  small  rhombic  prisms,  is  moderately  soluble  in  cold 
water  and  alcohol,  but  more  soluble  in  hot  water,  from  which 
it  crystallizes.  Its  acid  solution  is  dextrorotary,  while  its 
alkaline  solution  is  levorotary.  Like  other  amido  acids,  it 
unites  both  with  acids  and  with  alkalies;  with  the  latter  it 
forms  both  acid  and  neutral  salts;  for  instance, 

C  H  Nil  <       '         C  II  Nil  <  ^   ''^^^  C  II NH  <    ^^Ba 

acid  salt  neutral  salt  neutral  salt 

By  the  action  of  nitrous  acid,  aspartic  acid  is  converted 
into  malic  acid.     An  optically  inactive  variety  of  aspartic 
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acid  is  also  known;  this  is  obtained  by  heating  fumarimide 
with  water: 

fumarimide  "''P^ 

It  crystallizes  in  large  monoclinic  prisms,  and  is  a  little 
more  soluble  in  water  than  the  active  acid;  nitrous  acid  con- 
verts it  into  inactive  malic  acid. 

117,  Amidobenzole  Acids. — Amidobenzoic  acids  have 
the  formula  C^H^NH^^-CO^H \  of  these  the  1:2  acid 
known  di%  anthranilic  acid  is  the  most  important;  being  an 
oxidation  product  of  indigo.  It  is  prepared  by  reducing 
1  :  2  nitrobenzoic  acid;  it  sublimes  in  needles,  melts  at  144'', 
and  dissolves  in  hot  water. 

118*  A  mid  OS  111  phonic  Acids. — Amidosul  phonic 
acids  also  exist.  Taurine^  or  aniido'Cthyl'Sulphonic  acui 
C^H^{NH^SO^H^  was  discovered  in  the  bile  of  oxen  by 
Gmelin  in  1824,  and  may  be  prepared  by  boiling  ox  gall  with 
dilute  hydrochloric  acid,  evaporating  to  dryness  on  the  steam 
bath,  and  treating  the  residue  with  absolute  alcohol,  which 
leaves  the  taurine  undissolved.  This  is  dissolved  in  water, 
from  which  the  taurine  crystallizes  in  large  prisms  that  arc 
moderately  soluble  in  water  and  entirely  insoluble  in  alcohol. 
It  melts  and  decomposes  at  about  240\  Taurine  contains 
the  groups  Nlf^  and  SOJf,  and  is,  therefore,  both  abase  and 
a  sulphonic  acid.  But  as  the  two  groups  neutralize  each 
other,  the  compound  has  a  neutral  reaction.  It  can  form 
salts  with  the  alkalies.  Boiling  acids  and  alkalies  do  not 
affect  it,  but  when  fused  with  potassium  hydrate  it  is  decom- 
posed, forming  the  acetate  and  sulphite  of  potassium,  as  is 
seen  from  the  following  equation : 

cjr^{xir.)sojf+\\Koir 

Nitrous  acid  converts  it  into  isothionic  acid: 


UTAZO  Aim  AXO  OOKPOCinML 

119.  Dlfuo  Compound*. — Diaso  compoands  rnaj  be 
defined  as  compoondB  that  (xmtain  two  doabljr  linked  nitro- 
gen atoms,  each  ot  which  is  linked  to  a  mooovalent  atom  or 
radical;  thetr  type  may  be  lepiuented  as  X-I/:  N-R",  where 
R  and  R'  are  either  monovalent  atoma  or  radicala.  Diazo 
compounds  are  fonned  by  the  action  of  nitrous  osides  on 
ammonia  bases,  and  the  reactim  that  tatei  place  U  called 
a  diaso  reaelion.  The  amines  of  open<chain  hydrocarbooa 
seem  to  have  little  tendency  to  undergo  this  reaction,  and  It 
has  always  been  found  that  dIaso  compounds  ol  the  type 
R-NiN-R'  are  only  known  when  Ria  positive  monovalent 
radical  containing  a  benzene  ring,  and  R'  a  negative  mono- 
valent radical.  Amido  acids  at  the  open-diain  series  appear 
to  form  an  exception,  as  they  undergo  the  diaso  reaction  and 
form  diazo  compoands  that  contain  the  two  doubly  linked 
nitrogen  atoms.  These  compounds  are,  however,  differently 
constructed;  while  in  the  true  diaso  compounds  the  extra 
affinities  of  the  two  nitrogen  atoms  are  combined  to  two 
different  atoms  or  radicals,  in  the  open-chain  diazo  com- 
pounds, they  are  both  joined  to  a  single  carbon  atom,  and 
have  only  been  isolated  as  ethereal  salts  or  as  amides. 

130.      DittTio  Cuinpoiintls  of  Fatty  Amines. — The  com- 

pounds  II  /CH-CO,H,    known  as  diazo-acctic  acid,   being 

derived  from  an  open-chain  carbon,  has  not  been  obtained  in 
the   free  state,   but    its    ethereal    salt,   ethyl  diazo-acctatt 


II  _>r 


/Clf-  CO,-CJl^,  has  been  obtained  as  a  yellow,  oily  pre- 

cipitate,  when  an  aqueous  snlution  of  hydrochloride  of  ethyl 
iimido-acctatc  is  treated  with  sodium  nitrite.  It  boils  at 
144",  and  iinderjjoes  dceomposttinn  when  treated  with  acids; 
this  decomposition  takes  an  explosive  character  if  the  acid  is 

strong.  Diozo-acdauiidcW  /CH-ONH    is    obtained    when 
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ethyl  diazo-acetate  is  slowly  and  carefully  dissolved  in  strong 
ammonia.  It  is  a  yellow,  crystalline  bcxly  that  is  soluble  in 
water,  and  detonates  when  suddenly  heated.  Triazo-acctic 
acid  is  obtained  as  its  sodium  salt  by  heating  ethyl  diazo- 
acetate  with  strong  sodium  hydrate;  from  this  the  mineral 
acids  separate  the  free  acid,  which  crystallizes  in  orange- red 
tablets,  having  the  composition  C^H^NJI^C00H)^,'6H^0,  Its 
a(|ueous  solution,  as  well  as  that  of  its  salts,  is  colored  red 
by  exposure  to  air  and  by  nitric  acid.  It  is  important  as 
the  source  of  hydrazine  (see  Art.  19,  Inorganic  Chemistry^ 
Part  2),  the  sulphate  of  which  may  be  prepared  by  heating 
triazo-acetic  acid  with  dilute  sulphuric  acid: 

C.H.NXCOOII),  +  :}//,-W,  +  C//,6> 

Diazomcthane    II  }CII   is,  at  the  ordinary  temixjrature, 

a  yellow,  odorless,  but  extremely  poisonous,  gas  that  strongly 
attacks  the  skin,  the  eyes,  and  the  lungs.  It  is  prepared  by 
the  action  of  alkalies  on  nitrosomethyl  urethane: 

CH^N<^^^  ^  ^^  +  Na OH 
N 

=  r//,<^  II  +///^+  Na0.cx\cjr, 

J.  V 

It  is  converted  by  water  into  methyl  alcohol. 

1!<J1«     l>lazo  Coiiipoiinds  of  Aromatie  Aminos.  —  At 

a  more  or  less  elevated  temix-rature,  the  amines  of  closed- 
chain  hydrocarbons,  i.  c.,  the  aromatic  amines,  react  with 
nitrous  acid  exactly  similar  to  the  amines  of  the  open-chain 
hydrocarbon,  i.  e.,  the  fatty  amines;  that  is,  the  group  Nlf^ 
is  replaced  by  the  (?// group;  for  instance: 

C,H,.Nir^  +  HNO,  =  C\l  I  filler  N..  +  Hfl 

If  this  reaction,  however,  is  executed  at  a  lower  tempera- 
ture, and,  especially,  if  a  salt  of  an  amine  is  used,  the  result 


is  entirely  different,  the  dlacocompoond  being  formed  as  an 
intermediate  product: 

.nilinenitrsf  '"•SX" 

The  salts  of  diaso  compounds  are,  as  a  mle,  prepared  in 
aqueous  solutions,  since  thejr  are  only  used  as  intermediate 
products  in  the  preparation  (tf  other  compound^  and  for  the 
production  of  azo  compounds.  The  amido  compound  is  dis- 
solved in  dilute  acid,  the  solution  cooled  in  ice,  and  the  cal- 
culated quantity  of  sodium  nitrite  added. 

For  preparing'  the  crystalline  salts,  amyl  nitrite  is  the  one 
most  advantageously  used,  and  the  reaction  should  be  effected 
in  absolute  alcohol;  the  amine  and  tbe  amyl  nitrite  are  dis- 
solved in  the  alcohol,  and  an  acid  is  added  to  the  cooled  solu- 
tion ;  after  a  few  minutes  the  diaso  salt  cryrtalllies,  and  may 
be  washed  with  alcohol  and  ether: 

C,H,-NHJiCl-\r  C,H„NO, 
=  C^H^-N:N-Cl-\-C^H^^'OH-\-Hfi 

ISS.  I>Iiizobcnzene  Nitrate.  —  Diazobenzene  nitrate 
CJJJ^,NO,  is  obtained  as  a  crystalline  deposit  when  a  cur- 
rent of  nitrous  vapors  is  passed  into  a  saturated  solution  of 

aniline  nitrate: 

aniline  nitrate  diazobenzene  nitrate 

It  will  be  seen  from  the  equation  that  this  compound  is 
formed  by  the  substitution  of  1  atom  of  nitrogen  for  3  atoms 
of  hydrojjon  in  aiiiline  nitrate.  It  forms  long,  colorless 
prisms,  very  soluble  in  water,  slightly  soluble  in  alcohol, 
and  insoluble  in  ether.  It  explodes  quite  violently  by  heat- 
ing or  by  percussion. 

Besides  this  nitrate,  there  are  other  compounds  of  diazo- 
benzene. They  all  contain  the  group  ■A'':  N-,  characteristic 
of  the  diazo  compounds,  and  are  linked  on  one  side  to  phenyl, 
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and  on  the  other  to  chlorine,  bromine,  or  an  oxidized  group. 
The  following  formulas  show  plainly  their  constitution: 

CJI^'N:  N-Cl       (diazobenzene  chloride) 
CJf^  •  N :  ^V-  Br       (diazobenzene  bromide) 
CJf^ 'N:  N' NO^    (diazobenzene  nitrate) 
C^H^'N:  N'SOJI  (diazobenzene  sulphate) 

These  compounds  present  several  interesting  reactions: 

1.  When  heated  with  water,  they  disengage  nitrogen  and 
are  converted  into  phenols: 

2.  The  diazo  group  may  be  replaced  by  //,  the  hydro- 
carbon being  formed,  by  boiling  the  compound  with  alcohol. 

CJI,'N\  X'Cl-\-  CJI^^OH 
=  C.HJf^N^  +  HCl+CH^'CHO 

3.  When  warmed  with  a  cuprous  salt,  diazo  compounds 
give  off  nitrogen,  and  arc  converted  into  benzene-substitu- 
tion products: 

It  is  thus  possible  to  replace  the  AV/,  group  in  aromatic 
compounds  by  the  halogens  or  cyanogens.  This  reaction  is 
known  as  Sandmcycr*s  reaction, 

4.  With  auric  and  platinic  chlorides,  diazobenzene  chlo- 
ride forms  double  salts.  When  the  platinic  chloride  is  sub- 
mitted to  dry  distillation,  it  yields  chlorobenzcne: 

((f.//,..V:.V.a)/VC7,  =  2(r///7+->A^,  +  :>C7,  +  /'/ 

The  above  reactions  show  conclusively  that  diazobenzene 
compounds  must  contain  the  C^H^  group;  that  the  nitrogen 
atoms  are  linked  in  the  manner  represented  is  concluded 
from  the  fact  that  diazobenzene  salts  yield  phenyl-hydrazine 
salts  when  reduced: 

C,H,'N\N'Cl^H^  =  C.//..A7/.A7/.,//r/ 

123*  Dlazo-Amldo  Compounds.  —  When  it  is 
attempted   to    prepare   a  diazobenzene   compound    in    the 


absence  of  an  acid,  a  dJazo  com  pound  is  obtained  that  is  mute 
complex  than  the  preceding.  Thus,  itiitsoainitio  bfu:.t-nt 
C^H^-N:N  NHCJi^  is  obtained  when  Nfi,  is  passed  in  a 
cooled  solution  of  benzene  in  alcohiil.  It  forms  brilliant 
golden-yellow  scales  that  fuse  at  about  31%  and  if  heated  to 
•I  higher  lempeniture,  explode  violently. 

If  an  alcoholic  solution  of  diazo-amido  benzene  is  left 
standing  for  some  time,  or  if  it  is  gently  heated  with  n  little 
aniline  hydrochloride,  it  undergws  an  intramolecular  trans- 
formation,  being  converted  into  the  corresponding  amido-nz.u 
compound;  thus, 

CJI,N'.N  NII-CJ!^    becomes     C,!f^N:NC.H,-N}[, 
diuEO'iiinido  bciixvnu  aniidu-nEu  bcuxcnc 

This  change  shows  us  at  once  the  difference  that  exists 
between  diazo  compounds  and  azo  eonipoiinds,  which  will  be 
treated  on  in  the  following  artielesi.  Bolh  classes  of  com- 
IKivinds  contain  the  group  -V:  N,  but  in  the  diazo  comi»unds 
this  group  forms  thii  connecting  link  between  an  aromatic 
group  and  a  monovalent  atom  oryrcup,  while  in  the  azo  com- 
pound it  connects  two  aromatic  groups.  This  may  be 
understood  at  once  from  the  following  formulas: 

Diazo  tiirirativcs.  A::o  derivatives, 

(liaxobeQzene  cliloridc  azobeniene 


CJl^N-.NNllCJI^ 

diazo-aniidu  bcnzunu 


CJI^N:N  CJI^NH^ 
amido-azo  bcDxcnc 


134,  Azo  Com  poll  I  ids. —When  a  nitro  compound  is 
reduced  in  acid  solution,  the  corresponding  amido  deriva- 
tive is  immediately  pro<luced ;  but  when  an  alkaline  solution 
is  employed  there  are  formed,  in  the  case  of  the  aromatic 
nitro  compounds,  three  intermediate  products,  derived  from 
two  molecules  of  the  nitro  compound.  Thus,  nitrobenzene  in 
alkaline  solution  will  yield  azdxyhvnzfne,  azobenzene,  and 
hydrnzobcHzciu-.  according  to  the  reducing  power  of  the 
agent  employed. 


g  14  ORGANIC  CHEMISTRY.  o: 

yo  II  I 

C,f/,XO,        C^ff.X  C,H^X       C,//,Xf/ 

"nitnibenzene         azoxybenxenc        azK»benzene     hydrazobcnzcnc 

AzoxybcftzcNc  C^^H^^X^O^  which  is  the  pnxiuct  (>f  the 
incomplete  reducticui  i»f  2  nic»lecules  c>f  nitujlx-nzeno,  may 
l>e  prepared  by  boilinj^  an  alct»holic  s<>liilit»n  of  j>otassiuni 
hydrate  with  nitrobenzene,  or  by  oxydizin^  azobcnzene  by 
chromic  acid  in  acetic  acid.  Azoxybenzene  foniis  lonj^f, 
vellow  needles  that  are  insoluble  in  water,  but  ixiadilv 
dissolve  in  alcohol  and  ether.  It  melts  at  3*r,  and  isdeccmi- 
posed  by  distillation  into  aniline  and  azobenzene.  By  ri.»du- 
cing"  agents  it  is  converted  into  azobenzene  and  hydrazo- 
benzene. 

Azobenzene  C,  J r^X^.  or  CJ/'XiXCJ/,  is  obtained  by 
the  action  of  a  reducing  agent,  such  as  stxlium  amalgam,  on 
an  alcoholic  solution  of  nitrobenzene: 

2C,//^XC\  +  s//  =  Cjr^X:  X-  CJf^  +  A//^0 

It  is  easily  preixired  by  dissolving  nitrobenzene  in  alcohol, 
adding  an  equal  weight  of  pi»tassium  hydrate,  and  distilling, 
when  the  alcohol  is  oxidized  to  acetic  acivl,  and  the  nitro- 
benzene reduced  to  azobenzene.  As  the  end  of  the  distilla- 
tion approaches,  the  azobenzene  comes  over  as  a  dark-red  oil 
that,  after  a  short  time,  solidifies  to  a  crystalline  mass.  Tt 
is  but  slightly  soluble  in  water,  but  dissolves  readily  in 
alcohol  and  ether. 

Azobenzene  is  converted  into  hydra:.olhnuiic 

CJfJ/XXffCjr, 

by  reducing  agents,  such  as  zinc  dust,  scHlium  hydrate,  and 
ammonium  sulphide,  in  the  presence  oi  alcohol: 

CHXiXC/f+^u/  =  c/r//x-x//r/r 

The  latter  bodv  crvstallizes  in  tables,  is  fusible  at  l.*M"^. 
and  almost  insoluble  in  water,  but  soluble  in  alcohol  and 
ether.     When  submitted  to  dry  distillation,  hydrazobenzcne 
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breaks  up  into  azobenzene  and  aniline,  as  is  seen  from  the 
following  equation: 

^CJ{,HNNHCJ{,  =  C.H,NiNCJFf,'\-%C.H^NH^ 

hydraasobensene  azobenzene  aniline 

Acids  convert  hydrazobenzene  into  a  basic  isomeride  ben- 
zidine  from  which  a  considerable  number  of  valuable  dye- 
stuffs  are  derived : 

hydrazobenzene  benzidine 

125,  Dyestuflfe. — It  is  the  object  of  the  dyer  to  fix  cer- 
tain coloring  matters  permanently  in  the  fabric,  and,  con- 
sequently his  processes  vary  with  the  nature  of  the  latter, 
and  of  the  color  to  be  applied.  In  order  that  uniformity  of 
colors  and  perfect  penetration  in  the  fiber  may  be  obtained, 
it  is  essential  that  the  dyestuff  be  in  solution,  and  that  it 
forms  an  insoluble  compound  (the  dye)  with  either  the  fiber  of 
the  material  itself  or  with  some  other  substance  (the  mordant) 
previously  fixed  in  the  fiber.  Most  dyestuffs  are  capable 
of  forming  dyes  with  wool — and,  also,  though  to  a  smaller 
extent,  with  silk — without  the  medium  of  a  mordant ;  the  dyes 
thus  produced  are  known  as  substantive  dyes.  With  cotton, 
however,  the  medium  of  a  mordant  appears  to  be  nearly  always 
necessary,  and  the  dyes  thus  obtained  are  known  ss  adjective 
dyes.  It  will  be  seen  that,  since  a  dyestuff  must  enter  into 
some  form  of  chemical  combination  before  it  can  become 
a  dye,  it  must  be  a  compound  that  possesses  a  certain 
amount  of  chemical  activity,  and  it  has  been  found  that  those 
compounds  tliat  are  most  successfully  employed  as  dyestuffs 
are  either  acid  or  basic  in  character.  This  observation  has 
been  found  to  be  of  considerable  practical  value,  since  it  has 
shown  that,  although  a  compound  maybe  apparently  useless 
as  a  dyestiiff,  it  may  become  useful  if  it  is  treated  in  such  a 
way  that  the  necessary  acidity  or  basicity  is  imparted  to  it. 
From  what  has  been  said  in  various  previous  articles,  it  will 
be  readily  understood  that  it  is  possible  to  impart  acidity  to  an 
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organic  compound  by  the  introduction  of  certain  radicals,  as, 
for  instance,  O/f  and  SO^OH^  or  to  impart  basicity  by  the 
introduction  of  the  |p-oup  AV/,.  Of  course,  only  certain 
organic  compounds  can  be  converted  into  dyestuffs  by  the 
introduction  of  such  radicals;  these  compounds  are  known 
as  chromogcnSy  and  the  groups  that  lend  them  their  dyeing 
capacity  are  called  anxochromes.  An  acid  auxochrome  will 
yield  an  acid  dyestuff  capable  of  being  fixed  by  a  basic 
mordant  (as  alumina,  for  instance),  while  a  basic  auxo- 
chrome will  yield  a  basic  dyestuff  that  can  be  fixed  by  an 
acid  mordant  (as,  for  instance,  by  tannin).  The  dyestuff  by 
itself  may  be  a  colorless  substance,  but  it  must  be  soluble  in 
Avatcr,  and  the  compound  that  is  formed  in  the  fiber  must  l:e 
colored  as  well  as  insoluble. 

Azobenzene  is  a  colored  substance,  but  as  it  is  chemically 
inactive  as  well  as  insoluble,  it  is,  therefore,  not  a  dyestuff, 
but  it  is  a  chromogen,  for  by  the  introduction  of  the  Oil 
or  NH^  group,  compounds  are  ])roduced  that  are  either 
dyestuffs  (provided  they  are  soluble  in  water)  or  lx?come 
dyestuffs  when  rendered  soluble  by  conversion  into  sulphonic 
acids. 

12G.  Amlclo-Azo  Coini>ouiids. — Amido-azo  com- 
pounds are  produced  by  the  interaction  of  a  diazo  chloride 
and  an  amine  (or  amido  comix)und) ;  thus  aniido-azo  bcuzcuc 
C\H^jV:  N'CJf^iNH^  may  be  prepared  by  the  action  of 
diazobeuzene  chloride  on  aniline: 

cj/,.V:.va+cj/,:V//,  =  r.//..V:A'r.//,(.v//,)  +  //a 

Amido-azo  benzene  crystallizes  from  hot  alcohol  in  yellow 
rhcmibic  needles;  its  hydrochloride  forms  violet  needles.  It 
forms  the  chief  constituent  of  the  commercial  aniline  yellow. 

Diamido-azo  benzene  CJI^^- N\  N-CJI^NII^^i'^  prepared 
by  the  action  of  di azobenzene  chloride  on  metaphenylene 
diamine,  as  is  seen  from  the  equation: 

C//,.v:Ar/+(r.//,(.v//,), 
=  cjr.N:  N-  cju^urx + hci 


."•.''.■•      "?  ' 
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It  is  a  yellow  crystalline  base  that  dissolves  with  red  color 
in  acids.  Its  hydrochloride  is  an  orange-yellow  dyestuff, 
known  commercially  as  ckrysaidine. 

Triamidihazo  benzene  CJtiJ^lfH^N\NCJHj^NH>^^  is 
produced  by  the  action  of  Nfi^  on  metaphenylene  diamine. 
It  forms  brownish-jrellow  crystals^  readily  soluble  in  hot 
water;  the  salts  are  reddish  brown.  Its  hydrochloride  forms 
the  coloring  matter  Bismarck  irewn. 

Dimetbyl-amida-azo  benzene  C^^'NiN-CJFI^*N(CHX 
crystallizes  in  golden-yellow  plates.  The  chloride  crystallizes 
in  violet  needles.  Its  monosnlphonic  ackl,  dimethyl-amido- 
azo-benzene-sulphanic  acid  C^H^SO^H)  -N:  N-  C^/f^'N{Cf/;i^ 
is  also  known  as  methyl-orange^  kelkmikim^  or  orange  III;  it 
is  used  in  the  laboratory  instead  of  litmus^  as  an  indicator  in 
alkalimetrical  titrations,  the  yellow  solutioii  being  colored 
red  by  traces  of  acid. 

1!27«  Uydroxy-Azo  Compomids* — ^Hydroxy-azo  com- 
pounds, or  short  oxy-azo  compounds,  are  prepared  by  the 

interaction  of  a  diazo  chloride  and  a  phenol.  Thus, 
hydroxy-azo  benzene  CJf^-N:  N-CJIJIJDH)  is  prepared  from 
diazobenzene  chloride  and  phenol,  as  is  seen  from  the  fol- 
lowing equation : 

CJI,'N\NCl-\-C,HfiH  =  C,H,N\N'C^HXOH)-\-HCl 

It  crystallizes  in  brick-red  rhombic  prisms,  and  is  a 
yellowish-red  dye.  Dihydroxy-azo-benzenC'Siilphofiic  acid 
CjrXSO^HyN:N'CJfXOH)^\^  prepared  from  diazo-ben- 
zene-sul phonic  acid  and  resorcinol  C^HJI^OH)^.  It  forms  a 
sodium  salt  that  is  known  as  resorcin  yellow, 

128.  Ilydnizino  Coiiipoiincls. — Just  as  the  amines  are 
derived  from  ammonia  Nll^,  so  the  hydrazines  are  derived 
from  hydrazine  H^XNIl^.  They  may  be  primary  hydra- 
zincs,  represented  by  the  general  formula  R-NH-NH^^  or 
secondary  hydrazines,  represented  l)y  the  formula  R :  N-NH^, 
When  R  is  an  alkyl  radical,  the  hydrazines  are  best  prepared 
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by  the  action  of  reducing  agents  on  the  corresponding  nitroso- 
amines: 

but  when  R  is  an  aromatic  radical,  the  hydrazines  are  most 
readily  prepared  by  the  reduction  of  the  corresponding  diazo 
compound.  The  alkyl  hydrazines  are  of  little  importance, 
and  will  not  be  considered  here.  The  most  important  hydra<- 
zine  compound  \9^ phenyl  hydrazine  CJI^-NH-NH^^  which  is 
obtained  by  reducing  diazobenzene  chloride  with  sodium 
sulphite,  or  stannous  chloride  and  hydrochloric  acid: 

C.H^N:  Na+^HCl^-^2SnCl^ 
=  C,H^N//'.V//^Ha+2SnC/^ 

Phenyl-hydrazine  hydrochloride  is  obtained  as  a  precipi- 
tate that,  after  being  filtered  off  and  washed  with  a  mixture 
of  alcohol  and  ether,  is  dissolved  in  a  little  water  and  decom- 
posed by  strong  NaOIf,  whereupon  the  hydrazine  falls  as  an 
oily  layer  that  is  removed  and  freed  from  water  by  distilling 
with  potassium  carbonate.  Phenyl  hydrazine  is  a  colorless 
oil,  solidifying,  on  ccx^ling,  in  tabular  crystals  that  melt  at 
17.5°.  It  boils  at  241''  with  partial  decomposition.  Its 
sjxjcific  gravity  at  23°  is  1.01)7.  Phenyl  hydrazine  is  spar- 
ingly soluble  in  water,  but  readily  in  alcohol  and  ether.  It 
acts  as  a  powerful  base,  forming  suits  with  the  acids,  and  is 
a  strong  reducing  agent.  It  readily  a]:)S()rbs  oxygen  from 
the  air,  becoming  brown.  It  reduces  alkaline  cupric  solu- 
tions, evefiin  theeold^  precipitating  yellow  cuprous  hydroxide, 
and  evolving  nitrogen,  while  aniline  and  benzene  are  found 
in  the  solution.  This  is  a  general  reaction  for  identifying 
hydrazines,  and  may  also  be  employed  for  diazo  compounds 
by  boiling  their  aqueous  solutions  with  hydropotassium  sul- 
phite, to  reduce  them  to  hydrazincj^,  and  adding  potash  and  an 
alkaline  cupric  solution.  It  also  reduces  mercuric  oxide  in 
the  cold,  forming  nitrogen,  aniline,  benzene,  and  mercury 
diphenyl.  Solution  of  hydrazine  hydrochloride  mixed  with 
sodium  acetate  forms  a  general  test  for  aldehydes  and 
ketones,  with  which  it  forms  insoluble,  oily,  or  crystalline  com- 
pounds, thus  precipitating  them  from  their  acjueous  solutions. 


129,  In  the  earlier  puH  of  the  el^teenth  ceotoiy,  a 
blue  color  was  acddentally  discovered  by  u  manufacturer  ctf 
colors  at  Berlin,  Germany:  it  was  sold  under  the  name  of 
/yussutm  blue.  This  culor  was  used  for  a  considerable  time, 
bat  little  attenti<xi  w^is  paid  to  its  chemical  compoation, 
tintil  Ifaguer,  near  the  end  of  that  century,  discovered  that, 
by  beting  Pmsdan  blue  with  an  alkali,  the  former  was 
decomposed,  yidding  a.  residue  of  red  oxide  of  iron  and  a 
solution  that  reproduced  the  blue  when  a  salt  of  iron  was 
added  to  it;  from  this  he  inferred  that  Prussian  blue  was  a 
compound  of  oxide  of  iron  with  an  acid  for  which  the  alltali 
had  a  stronger  afflnl^.  This  theory  was  conHmicd  in  1783 
by  the  investigations  of  Schcelc,  who  observed  that,  when 
an  alkaline  solution,  prepared  for  making  the  blue,  was 
allowed  to  stand  for  some  time  exposed  to  the  atmosphere  or 
to  the  action  of  carbon  dioxide,  the  solution  lost  its  pa^Ter  of 
furnishing  the  color,  but  a  pajx^r,  previously  impregnated 
with  oxide  of  iron,  was  e^l.Ted  blue  by  the  escaping  vapor. 
Seheele  also  prepared  this  acid  in  a  pure  state,  which,  in 
reference  to  its  origin,  was  caXXetX  prussic  acid. 

The  investigations  of  Berthollet  in  1787  not  only  proved 
the  components  of  prussic  acid  to  be  carbon,  nitrogen,  and 
oxygen,  but  also  showed  that  the  power  of  the  alkaline  liquor 
to  produce  Prussian  blue  depended  on  the  presence  of  a 
yellow  salt,  crystallizing  in  octahedrons,  and  containing 
prussic  acid,  potash,  and  oxide  of  iron,  though  the  latter  was 
so  intimately  bound  up  with  the  other  constituents  that  it 
could  not  be  separated  by  those  substances  that  are  usually 
employed  to  precipitate  iron.  Porrett,  in  1814,  decomposed 
Prussian  blue  with  baryta,  and  subsequently  removed  the 
baryta  from  the  salt  thus  obtained  by  means  of  sulphuric 
acid,  when  he  obtained  a  solution  of  the  acid  which  he  named 
fcrriircttfd  chyazk  acid.  In  1815,  Gay-Lussac,  having 
boiled  Prussian  blue  (or  frussiatc  of  iron,  as  it  was  then 
called)  with  red  oxide  of  mercury  and  water,  and  crystallized 
the  so  called  prussiate  of  mercury,  exposed  it,  in  the  dry 
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state,  to  the  action  of  heat,  and  obtained  a  gas  having  the 
composition  C^V,  which  was  called  cyanogen^  from  the 
Greek  nvavw;,  kyanos^  ** blue,"  in  allusion  to  its  connection 
with  Prussian  blue.  It  was  then  seen  that  the  substance 
that  had  been  called  ferruretted  chyazic  acid  contained  iron 
and  the  elements  of  cyanogen,  whence  it  was  called  fcrro- 
cyanic  acid^  and  its  salts  were  spoken  of  as  fcrrocyanatcs, 
Robiquet  first  obtained  this  acid  in  the  crystallized  state, 
having  the  composition  C^HJ^JFi\  and  since  it  was  found 
that,  when  brought  in  contact  with  metallic  oxides,  it 
exchanged  the  H^  for  an  equivalent  quantity  of  the  metal, 
according  to  the  equation ; 

it  was  concluded  that  the  C^A\Fi'  composed  a  distinct  group 
or  radical,  which  was  named  fcrrocyanogcn^  the  acid  being 
called  hydrofcrrocyanic  acid^  and  the  salt  fcrrocyanidc. 
The  formula  Fey  is  given  by  some  writers  to  the  radical 

130*  Cyanogron. — The  preparation  and  properties  of 
cyanogen  have  been  treated  on  in  a  general  way  in  Arts. 
153,  154,  and  155,  Inorganic  Chemistry^  Part  2,  but  it 
seems  advisable  to  add  a  few  details  here.  All  organic 
compounds  that  contain  nitrogen  give  sodium  cyanide  when 
ignited  with  sodium;  similarly,  potassium  cyanide  is  obtained 
when  charcoal  containing  nitrogen  is  heated  with  potassium 
carbonate.  Cyanogen  itself  is  most  readily  prepared  by 
heating  mercuric  cyanide  Ifg{CIV)^,  But,  in  heating  mer- 
curic cyanide,  a  black  solid  substance,  paracyanogcn,  is 
formed,  and  remains  behind  in  the  retort.  It  has  the  same 
composition  as  cyanogen,  and  must,  therefore,  be  considered  as 
its  polymeric  modification.  Cyanogen  is  a  colorless  gas  with 
a  strong  odor;  it  is  readily  soluble  in  alcohol  and  water,  and 
burns  with  a  purple-colored  flame.  It  is  extremely  poisonous. 
In  aqueous  solution,  cyanogen  soon  undergoes  change,  and  a 
brown,  amorphcnis  hcxly,  azulmic  acid  C ^NJijO,  is  deposited. 
In  the  solution  are  found  ammonium  salts,  especially  the 
carbonate,  formate,  and  oxalate,  together  with  urea. 
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131.  Fotaaslnm  inerroCTnnlde.  —  Potaadam  ferro- 
cyanide  4KCN,Ff(CJV)^Zff,0,  or  KjCjrjfe,3H,0,  or 
{KCN),CNFe'CN(KCN)^^H,0,  is  prepared  on  a  Ui^ 
scale  by  calcining  animal  matter,  inch  aabkiodi  hc»n,  refuse 
of  skina,  and  leather,  in  a  closed  Iron  TOMd  with  potasaiom 
carbonate.  The  charred  mass,  which  contains  potasainm 
cyanide,  is  exhausted  with  btdlin^  water,  and  femms  sul- 
phate id  added  to  the  solution,  which  is  then  evaporated  to 
ciystalliiatio&i  or  the  solution  Is  boiled  with  metallic  Iron, 
which  dissolves,  with  the  evidntlon  of  hydrogen.  The  iron 
may  also  be  added  to  the  mixture  <rf  animal  matter  and 
potassium  carbonate  before  cald&ing;  after  oocding,  the 
mass  is  pulverised  and  exhausted  with  boUing  water.  The 
solution  contdns  ferrocyanide.  When  snfliciently  concen- 
trated, it  deposits  the  salt  In  yellow  crystals,  liiey  are 
unaltered  by  the  air,  but  loae  18. 8  per  cent  of  water  at  100°. 
The  anhydrous  salt  is  white.  Potaasinpi  ferrocyanide  dis- 
solves in  2  parts  of  boiling  and  4  parts  of  oold  water,  but  is 
insoluble  in  alcohol.  When  heated  with  bodies  rich  in 
oxygen,  as,  for  instance,  with  manganese  dioxide,  it  is  con- 
verted into  polassiiim  cyanate,  the  iron  itself  being  oxidized 
to  peroxide.  Potassium  ferrocyanide  is  not  poisonous. 
When  ignited  it  breaks  up,  according  to  the  following 
equation: 

AKCN,Fc(CN),  =  AKCN+FcC,  +  N^ 

This  decomposition  is  made  use  of  for  the  purpose  of  pre- 
paring potassium  cyanide.  As,  howev-er,  a  portion  of  the 
cyanogen  is  lost  in  this  way,  potassium  carbonate  is  gener- 
ally added,  when  the  reaction  represented  by  the  subjoined 
equation  takes  place: 
4  AT,V,  r.■{C^').,  +  k\CO,  =  SA'C.V-f  KCNO  +  CO,  -f  Fe 
The  potassium  cyanido  A'C.V,  prepared  in  this  way. 
necessarily  contains  potassium  cyanate  KCNO.  Potassium 
ferrocyanide  is  the  starting  point  for  the  preparation  of  all 
compounds  containing  cyanogen.  Nearly  all  the  acids 
decompose  potassium  ferrocyanide,  evolving  hydrocyanic 
acid  and   producing   compounds  containing  cyanogen  and 
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iron,  which  become  blue  when  exposed  to  the  atmosphere, 
from  the  formation  of  Prussian  blue  and  similar  compounds. 
It  is  for  this  reason  that  the  yellow  crystals  of  potassium 
ferrocyanide  become  green  and  blue  when  exposed  to  the  air 
of  the  laboratory.  Oxidizing  agents  convert  the  ferrocyanide 
into  ferricyanide,  as  will  be  seen  later.  With  a  large  number 
of  metallic  salts,  the  ferrocyanide  gives  precipitates,  so  that 
it  is  a  valuable  reagent  in  analysis.  The  following  are  some 
of  these  precipitates: 

Zinc  ferrocyanide  Zn^(CN)^Fc white 

Copper  ferrocyanide  CiiJ^CN)J^c dark  brown 

Lead  ferrocyanide  Pb^{CN)^Fc white 

Silver  ferrocyanide  AgJl^CN)^Fc white 

Potassium  cyanide  is  extensively  employed  in  the  manu- 
facture of  colors,  in  dyeing,  and  in  calico  printing. 

132.  Hyclrocyanie  Add.  —  Hydrocyanic,  or  prussic, 
acid  HC :  A^  is  a  most  poweif  ul  poison ;  a  few  drops,  taken 
internally,  generally  kill  immediately.  It  occurs  free  in  all 
parts  of  tKe  Java  tree  {Pangiujn  cdulc),  in  amygdalin,  agluco- 
side  of  bitter  almonds,  in  the  kernels  of  many  stone  fruits, 
such  as  peaches,  cherries,  etc.,  in  laurel,  and  in  many  other 
plants.  It  is  prepared  by  the  decomposition  of  metallic 
cyanides  with  hydrochloric  acid,  as  represented  in  the  follow- 
ing equation: 

KCN  +  HCl    =    KCi  -f  IICN 

potassium  hydrocyanic 

cyanide  acid 

or  by  distilling  potassium  ferrocyanide  \viLh  dilute  sulphuric 
acid.  It  can  also  be  obtained  by  treating  chloroform  with 
ammonia,  as  is  seen  from  the  following  equation: 

C//C7,-f  AV/,  =  //CV+ 3/767 

It  is  produced  synthetically  by  passini^  a  succession  of 
electric  sparks  through  a  mixture  of  equal  volumes  of  nitro- 
gen and  acetylene. 

Hydrocyanic  acid  is  a  volatile  liquid,  that  boils  at  2G.5° 
and  solidifies  at  —  1;V.     It  has  a  very  characteristic  odor, 
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suggesting  bitter  almonds.  It  is  very  readily  soluble  in  all 
proportions  in  water,  and  it  is  this  solution  that  is  popularly 
known  as  prussic  acid.  Pure  hydrocyanic  acid  is  very  unsta- 
ble. By  standing,  a  brown  substance  is  deposited.  By  boil- 
ing with  alkalies  or  acids,  it  is  converted  into  formic  add 
and  ammonia.  Its  scarcely  reddens  blue  litmus  paper.  On 
contact  with  incandescent  bodies,  it  takes  fire  and  bums  with 
a  pale  violet  flame.  Hydrocyanic  acid  may  be  detected  by 
the  following  tests: 

1.  It  gives  a  white  precipitate  of  silver  cyanide  with 
silver  nitrate,  and  this  precipitate  does  not  darken  on  expo- 
sure to  light.  When  properly  dried  and  heated,  silver 
cyanide  gives  off  cyanogen. 

2.  If  a  drop  of  hydrocyanic  acid  is  added  to  a  mixed 
solution  of  ferric  and  ferrous  sulphates,  and  an  excess  of 
potassium  hydrate  added,  a  thick,  dark-colored  precipitate 
is  obtained;  and  if  this  is  treated  with  an  excess  of  hydro- 
chloric acid,  the  ferrous  and  ferric  oxides  precipitated  are 
dissolved,  and  Prussian  blue  will  remain,  strongly  coloring 
the  liquid: 

3.  If  a  drop  of  hydrocyanic  acid  is  mixed  with  a  drop  of 
ammonium  sulphide  and  then  evaporated  to  dryness, 
ammonium  sulphocyanide  is  formed,  and  a  blood- red  color  is 
produced  when  the  spot  is  touched  with  a  drop  of  ferric 
chloride  acidulated  with  hydrochloric  acid. 

133.  Potassiuin  Cyanide. — Potassium  cyanide  KCN 
is  prepared  by  heating  dried  potassium  ferrocyanide  to 
redness  in  stoneware  retorts.  After  cooling,  the  mass  is 
exhausted  with  alcohol;  this  solvent  leaves  a  black  deposit, 
consisting"  of  charcoal  and  iron,  and  the  solution,  evaporated 
in  vacuo,  deposits  the  potassium  cyanide  as  a  white  crystal- 
line mass.  Potassium  cyanide  has  a  caustic  taste  and  an 
after  taste  of  bitter  almonds.  It  is  quite  soluble  in  water, 
but  only  sparingly  soluble  in  absolute  alcohol.  Potassium 
cyanide  of  commerce  is  in  white  opaque  lumps,  and  contains 
about  00  per  cent,  of  cyanide,  the  rest  being  cyanate  and 
carbonate.     When  exposed  to  air,  it  deliquesces,  and  smells 
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of  hydrocyanic  acid  and  ammonia,  the  former  being  produced 
from  the  cyanide  and  the  latter  from  the  cyanate  by  the 
action  of  the  moisture  of  the  air : 

KCN^H^O  =  KO//+//C.V 
KCN0  +  2H^0  =  XIl^  +  KIICO^ 

When  the  aqueous  solution  of  potassium  cyanide  is  boiled, 

it  disengages  ammonia  and   is    converted   into    potassium 

formate : 

KCN+^H^O  =  NH^^IICO^K 

When  potassium  cyanide  is  heated  with  sulphur,  it  is  con- 
verted into  potassium  sulphocyauate.  Iodine  dissolves  very 
freely  in  a  solution  of  potassium  cyanide;  potassium  iodide 
is  formed  and  cyanogen  iodide  is  deposited  in  crystals.  A 
solution  of  potassium  cyanide  dissolves  the  cyanides  of  many 
other  metals,  as,  for  instance,  gold,  silver,  zinc,  etc.,  forming 
soluble  cyanides.  This  pro^xirty  is  utilized  i4i  the  extraction 
of  gold  from  its  ores;  it  is  also  used  in'  electroplating, 
photography,  and  in  the  laboratory.  It  is  one  of  the  most 
dangerous  poisons.  Potassium  cyanide  is  sometimes  obtained 
in  considerable  quantities  from  the  blast  furnaces  of  iron 
works,  being  formed  from  the  potassium  carbonate  in  the 
ashes  of  the  fuel. 

134.  Ammonlmn  Cyanide.  —  Ammonium  cyanide 
AV/.CiVisa  cohniess,  verv  volatile  substance  that  crvstallizcs 
in  cubes.  It  is  prepared  by  distilling  a  mixture  of  potassium 
cyanide  and  ammonium  chloride,  or  by  allowing  the  vapor  of 
anhydrous  hydr(x:yanic  acid  and  ammoniacal  gas  to  mingle ; 
or,  lastly,  by  pas.sing  a  mixture  of  ammonia  and  carbonic 
oxide  through  a  red-hc^t  porcelain  tube.  Sodium  cycinidc 
NaCN  is  a  very  soluble  salt,  corres])onding  closely  with 
potassium  cyanide.  The  cyanides  of  barimti^  strontium^  and 
calcium  are  less  soluble  than  the  alkali  cvanides,  and  are 
leadily  decomposed  by  carbonic  acid.  Zinc  cyanide  Zn{CX)^ 
is  precipitated  by  potassium  cyanide  from  zinc-sulphate 
solution;  it  is  soluble  in  potassium  cyanide,  forming  the 
double  cyanide  ir//(6\\^).^(A'6\V)...     Xickcl  cvanidc  Xi^CX)^ 
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is  obtaincil.  by  the  uction  of  KdV  on  a  nickel  salt,  as  a  pale- 
green  prccipitiitc  that  Is  eoluble  in  an  excess  of  the  reagent, 
fortninj;  jV/(CW),(A'CA'),.  from  which  nickel  cyanide  may 
be  reprecipitated  by  hydrochloric  acid.  Nickel  cyanide  is 
temarkablu  foi  its  insolubility  even  in  boiling  hydrochloric 
acid. 

13J5.  Cnhnlt  CvRnlde.— Cobalt  cyanide  Co(CA'),  is 
obtained  as  a  reddish-brown  precipitate  when  potassium 
C)-ani(le  is  added  to  a  solution  of  cobalt  nitrate;  it  is  soluble 
in  an  excess  of  the  rea}jent,  forming  iwtassium  cobalto-cya- 
nide  K,(.o(C'JV)„  which,  by  the  tldition  of  alcoholi  may  Ix- 
obtained  in  small,  red,  deliquescent  crystals.  When  exposed 
lo  .ijr  or  boiled  with  water,  it  undergoes  oxidation,  the 
cobaltoiis  compound  being  converted  into  a  coballic  cora- 
pouml;  thus. 

^K,Co'{CN),  +  0,■^-•2f/,0  =  iA',Ca"'{CN),  + iA'OH 

Pylassium-cobaltic  cyanide  is  a  pidc-ycUow  salt,  its  solu- 
tion being  nearly  colorless,  so  iliat  the  brown  solution, 
formed  at  first  when  potassium  cyanide  is  added  in  excess  to 
a  solution  of  a  cobalt  salt,  gradually  becomes  pale  when 
exposed  to  the  atmosphere.  This  solution,  when  mixed  with 
hydrochloric  acid  in  excess,  yields  hydro-cobal tic-cyanic 
acid  //^Ci'(C\\')^,  which  is  soluble,  forming  a  distinction 
between  cobalt  and  nickel.  When  both  metals  are  present, 
the  addition  of  hydrochloric  acid  to  the  solution  in  excess  of 
A'CV  produces  a  yellowish-green  precipitate  of  nickel-cobal- 
tic  cyanide  A'i^\C'i<(C.\'),\,  which  is  decomposed  by  boiling 
with  potash,  the  nickel  being  precipitated  as  hydrate,  and 
the  cobalt  passing  into  solution  as  potass lum-cobal tic  cya- 
nide: 

A'!\[C,iCX),l  +  c,KO/r  =  ^Xi{OIiy^-\-2K,Co{CN), 

18G.  FetTousi  Cyanldo. — I'erroiis  cyan'de  Fc{CA')^  is 
prccipilatctl  as  a  reddish-brown  mass  when  a  solution  of  potas- 
sium cyanide  is  added  to  a  ferrous  salt.  This  precipitate 
dissolves  when  boiled  with  an  excess  of  the  reagent,  and  the 
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solution,  when  evaporated,  deposits  yellow  crj'stals  of  potas- 
sium ferrocyanide: 

Fi{CA\  +  4KCN=  K,Fe{CN), 

The  constitution  of  potassium  ferrocyanide  has  not  yet 
been  satisfactorily  explained,  and  it  might  be  regarded  simply 
as  a  mixture  \KCNyFi{CN)^^  were  it  not  for  the  following 
facts,  which  effectually  contnidict  this  most  natural  assump- 
tion: (I)  The  iron  cannot  be  detected  by  any  of  the  common 
reagents  used;  for  example,  ammonium  sulphide  produces 
with  ferrous  salts  a  very  dense  black  precipitate,  but  has  no 
action  whatever  on  potassium  ferrocyanide.  (2)  Further, 
potassium  cyanide  is  an  extremely  poisonous  compound, 
as  has  been  previously  mentioned ;  potassium  ferrocyanide, 
on  the  other  hand,  is  not  poisonous,  so  that  it  can  hardly 
be  assumed  that  potassium  cyanide,  as  such,  is  present. 
(3)  Moreover,  the  K^  may  be  exchanged  for  hydrogen  or 
other  metals  without  affecting  the  iron  and  cyanogen,  which 
leads  to  the  conclusion  that  the  group  Fc{CN)^  contains  the 
iron  in  a  state  of  intimate  association  with  the  cyanogen, 
whereby  it  loses  its  ordinary  properties. 

Hydrogen  ferrocyanide,  or  hydroferrocyanic  acid  If^Fc{CN)^y 
is  obtained  as  a  white  cr>'stalline  precipitate  when  hydro- 
chloric acid  is  added  to  a  saturated  solution  of  potassium 
ferrocyanide.  This  precipitate  is  insoluble  in  an  excess  of 
the  reagent,  but  soluble  in  water.  If  it  be  drained,  dissolved 
in  alcohol,  and  ether  added,  it  may  be  obtained  in  large 
crystals.  It  is  a  strong  acid.  When  exposed  to  air,  it 
absorbs  oxygen,  and  evolves  hydrocyanic  acid,  leaving  a 
residue  of  Prussian  blue,  or  ferric  ferrocyanide /^i\[/^:*(CA^),],. 
By  boiling  its  solution  the  acid  is  decomposed  into  hydro- 
cyanic acid  and  ferrous  ferrocyanide  F€^Fe{CN)^, 

SH^Fe{CN)^  =  12HCN+FeJ[Fe{CJV)^] 

Ferrous  ferrocyanide  is  first  white,  but  soon  changes  to 
blue  on  exposure  to  air. 

Hydroferrocyanic  acid  is  tetrabasic;  its  four  hydrogen 
atoms  may  be  replaced  by  a  metal  to  form  a  ferrocyanide. 
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The  ferrocyanogtn  group  f€{CN)'^  is  &  tetrad  group,  con- 
sisting of  ferrous  iron,  which  is  a  cliad  {Ff'),  and  six  monad 
■  cyanogen  groups  (CM)\  leaving   four  vacant  bonds,  thus, 
[i-i:'{CN),]'\  or  fey"  or  C/y,  according  to  some  authors. 

137.  I-'crric  Fvrr«K'}'niiUIe.  —  Ferric  ferrocj'anide,  or 
Prussian  bluo  i't','\Ft(CN)\,  fonnstlic  dark-blue  precipitati; 
obtiiincd  when  a  solution  of  potassium  ferrocyanide  is  added 
to  a  dilution  of  a  ferric  sail;  as,  for  example, 

2/V/7.  +  ZK,Fc(CX),  =  UA'a+  F<-XFf{CiV),l 
ferric  diloride       Potassium  ferric  ferro- 

'  "•■"■•IB      ferrocyiicidc  cyanuie 

When  calcined  in  the  air,  ferric  ferrocyanide  leaves  a 
residue  of  peroxide  of  iron.  It  is  insoluble  in  water, 
alcohol,  and  i»  the  weaker  acids.  Oxalic  acid  dissolves  it, 
and  the  solution  is  employed  as  blue  ink.  Some  amnioniuiTi 
salts,  such  as  acetate  and  tartrate,  also  dissolve  it.  Alkalies 
destroy  the  blue  color,  leaving  ferric  hydrate  and  a  solution 
of  an  alkali  ferrocyanide: 

Ft;lFi-{CN),l  +  ^-if^'OU  =  2/^f((7//).4-3A'.[/v(f -V  ).| 

This  is  turned  to  account  in  calico  printing  for  producing 
a  buff  or  white  pattern  on  a  blue  ground.  The  material 
having  iK'cn  dyed  blue  by  jiassing  first  through  a  solution  of 
a  ferric  salt  and  afterwards  through  potassium  ferrocyanide, 
the  pattern  is  printed  with  an  alkali,  which  leaves  the 
brown  ferric  hydrate  capable  of  l>eing  removed  by  a  dilute 
acid,  when  the  material  lias  been  rinsed,  so  as  to  leave  the 
dcsij^u  white. 

J'i'/iiss//rw  fi-rrii'yaiiiifi'  A\{CjV),Fc,  which  is  also  known 
as  ft//  /■iiissiiilt-  of  /•oliis/i,  is  formed  when  a  current  of 
chlorine  is  passed  into  a  sulution  of  potassium  ferrocyanide. 
Potassium  chloride  and  jiotassinm  ferrieyanide  are  formed, 
and  tiie  latter  gives  to  the  liquid  a  deep-brown  color.  On 
evaporation,  it  deposits  the  new  salt,  which  is  purified  by  a 
second  crj'stallization.  Potassium  chloride  remains  in  the 
mother  liquor.  Tlie  process  of  formation  may  be  expressed 
by  the  following  equation: 

ZKXCX)J-\-  +  Cl,  =  2k'a+-lA%(CN),Fc 
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Potassium  femcyanide  forms  beautiful  red  crystals  that 
are  anhydrous.  It  is  generally  assumed  that  this  salt  con- 
tains the  triad  radical  ferricyanogen  [Fc'^\CN)^Y^\  Potas- 
sium fcrricyanide  dissolves  in  3. 8  parts  of  cold  water  and  in 
a  less  quantity  of  hot  water.  The  solution  has  a  dark-yel- 
low color,  and  if  this  solution  is  added  to  that  of  ferrous  salt, 
a  dark-blue  precipitate  oi  ferrous  fcrricyanide y  known  in  the 
arts  as  Turnbnirs  bliu\  is  obtained,  as  is  seen  from  the  fol- 
lowing equation : 

potassium  ferrous  potassium  ferrous 

ferricyanide        sulphate  sulphate  ferricyanide 

A  solution  of  potassium  ferricyanide,  rendered  alkaline  by 
potash,  acts  as  a  powerful  oxidizing  agent,  becoming  reduced 
to  potassiimi  ferrocyanidc: 

1 38.  Nltroferr<)<\vanicles. — These  siilts  are  formed  by 
the  action  of  nitric  acid  on  certain  alkaline  ferrocyanides. 
The  best  known  of  these  compounds  is  sodium  nitrofcrro- 
cyanide  Fe[CN),j^NO)Na^^  or,  as  it  is  ordinarily  called,  sodium 
nitroprussidc.  It  is  prepared  by  oxidizing  potassium  ferro- 
cyanidc with  dilute  nitric  acid.  After  filtration  and  evapora- 
tion, crj'stals  of  p)tassium  nitrate  and  a  deposit  of  oxamidc 
are  obtained.  The  mother  liquor  is  saturated  with  sodium 
carbonate,  and,  on  evaporation,  yields  sodium  nitroprussidc, 
which  may  be  purified  by  recrystallization.  Sodium  nitro- 
pnisside  crystallizes  in  large  right  rhombic  prisms  of  a  ruby- 
red  color,  which  are  readily  soluble  in  water.  It  serves  as  a 
very  delicate  reagent  for  alkaline  sul])hidcs  and  hydrogen 
sulphide,  which  give  with  it  an  intense  violet  coloration. 

139.  3Ieroiir!e  Cyanide. — Mercuric  cyanide  Hii^{CN)^ 
is  prepared  by  dissolving  finely  powdered  mercuric  oxide  in 
an  aqueous  solution  of  hydrocyanic  acid  until  the  odor  of 
the  latter  has  entirely  disappeared,  being  careful  to  avoid 
an  excess  of  the  oxide.  After  concentration  and  cooling, 
colorless  anhydrous  prisms  are  obtained  that  are  unaltered 


by  air  and  light.  This  is  iiK-ruiirit:  cyanide.  It  is  very 
poisonous,  possesses  a  nauseous,  metallic  taste,  and  dissolves 
in  8  parts  of  cold  water.  It  is  (k-L-ompcXicd  by  heat  into 
mercury  and  cyaiiog'en.  The  solution  of  mercuric  cyanide 
dissolves  mercuric  uside,  am]  forms  with  it  a  comiMiiind 
more  soluble  than  the  cyanide,  crystallizing  in  colorless 
scales. 

140.  Chlorkk'H  of  t'yiiiiofeen,  —  Two  chlorides  of 
cyanogen  Jire  known  to  exist:  lit/uiJ  cyaiiogcii  ehlorhU 
CNCl,  and  solid  cyanogen  chhiriile  C^^^Cl,.  Liquid  cyano- 
gen chloride  dVC/is,  prepared  by  passing  chlorine  gun  over 
mercury  cyanide,  or,  better,  into  an  aqneous  solution  of 
hydrocyanic  acid,  which  is  maintained  at  U".  Hydrochloric 
acid  and  cyanogen  chloride  are  formed: 

HCN-\.Ci^  =  CNCl-\-HCl 

When  the  solution  is  saturated  with  chlorine,  it  is  gently 
*  bcatcd,  and  the  cyanogen  chloride  that  is  discngagi;;d  is 
passed  through  a  tube  containing  calcium  chloride,  and  ldh- 
dcnsed  in  a  well  cooled  receiver.  When  properly  purified, 
cyanogen  chloride  is  a  colorless  liquid,  having  a  penetrating 
odor  that  is  very  irritating  to  the  eyes.  It  boils  at  15.5°, 
and  solidifies  at  about  (i°.  When  pure,  it  can  be  preserved 
without  alteration,  but,  if  it  contains  a  trace  of  chlorine,  it 
soon  becomes  converted  into  the  solid  chloride.  Solid 
cyanogen  chloride  C^JV^Ci^  results  from  the  polymeric  trans- 
formation that  the  liquid  undergoes  spontaneously  under 
certain  circumstances.  It  can  also  be  obtained  by  exposing 
hydrocyanic  acid  to  the  action  of  chlorine  in  direct  sunlight. 
It  crystallizes  in  brilliant  yellow  needles  or  plates.  It  melts 
at  140°,  and  boils  at  IW,  It  has  a  peculiar  irritating  odor, 
and  is  immediately  discomposed  by  boiling  water  into  hydro- 
chloric and  cyanuric  acids: 

C,N,a,  +  dff,0  =  ^^^^^'>N,  +  ^HCi 
cyanuric 


^ 
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141,  CyanoKi'H  IJroiiilcle  and  Imllde, — The  bromide 
and  iodide  of  cyanogen  correspond  in  constitution  to  the 
liciiiid  chloride.  They  are  prei)ared  by  the  action  of  bro- 
mine and  iodine,  respectively,  on  mercury  cyanide.  These 
elements  decompose  this  compound  with  the  formation  of 
bromide  and  iodide  of  mercury,  the  excess  of  bromine  or 
iodine  combining  with  the  cyanogen  t(^  form  cyanogen 
bromide  or  iodide.  Cyanogen  bromide  CNBr  is  a  solid,  and 
cr}'stallizes  in  brilliant  cubes.  Cyanogen  iodide  CNI  sub- 
limes spontaneously  in  beautiful,  colorless  needles  when  a 
mixture  of  iodine  and  mercury  cyanide  is  placed  in  a  flask, 
mercuric  iodide  being  formed.  Cyanogen  iodide  has  a 
IK'uetrating  (Klor,  is  very  volatile,  and,  like  the  chloride  and 
the  bromide,  is  very  poisonous. 

142,  Cyanides    of  the   Aleohol    llmlleals.— .IA///7/ 

cyanuiv,  or  acctonitrilc  CIl^CN^  is  formed  by  distilling  a 
mixture  of  potassium  methyl  sulphate  and  potassium 
cyanide: 

K'  CH^'SO^  +  KCN  =  A\SO^  +  C//,-  CiV 

or  by  distilling  acetamide  with  phosphoric  anhydride,  which 
removes  1  molecule  of  water  from  the  former  compound: 

C^Hfi'NH^-Hfi  =  CH.'CN 

Methyl  cyanide  is  a  colorless  volatile  liquid  of  rather 
pleasant  odor.  Its  specific  gravity  is.  8,  and  it  mixes  with 
alcohol  and  ether.  The  tendency  for  the  nitrogen  in  the 
cyanogen  group  (dz.V)  contained  in  it  to  become  |X3nta- 
valent  enables  it  to  combine  with  other  bodies;  thus,  it 
unites  with  /?r,,  ///>V,  and  ///  to  form  crystalline  com- 
poimds.  A  boiling  solution  of  potassium  hydrate  decom- 
poses methyl  cyanide  into  ammonia  and  potassium  acetate ; 

CH^CN+2H^0  =  CH^'COOH-^NH^ 

An  isomeride  of  methyl  cyanide  known  as  victhyl-carbyl 
amine  CH^-NC  is  formed,  together  with  methyl  cyanide, 
when  a  mixture  of  potassium  methyl  sulphate  and  potassium 
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cyanide  is  distilled.  Under  the  infittence  of  alkalies^  it 
decomposes  into  the  alkaline  formate  and  methyl  amine: 

CH.'NC+KOH+H^O  =  KCHO^^NH^CH^ 

methyl-carbyl  potassium        methyl 

amiine.  Imnate  amine 

Ethyl  cyanide  CJf^'CN]&  obtained  when  ammooinm  pro* 
pionate  is  distilled  with  phosphoric  anhydride: 

From  this  mode  of  formation  results  the  name  profuh 
nitrite^  which  is  sometimes  given  to  this  compomid.  It  may 
also  be  obtained  when  potassium  cyanide  and  potassium 
ethyl  sulphate  are  distilled  together,  as  is  seen  from  the 
following  equation : 

but  this  product  of  distillation,  which  is  a  liquid  and  has  a 
variable  boiling  point,  contains,  independent  of  the  true 
ethyl  cyanide,  an  isomeride  of  that  body,  namely,  ethyl- 
carbyl  amine.  Ethyl  cyanide,  which  in  general  resembles 
methyl  cyanide,  is  a  colorless  liquid,  having  a  penetrating 
and  pleasant  odor;  it  boils  at  90.7°.  When  boiled  with 
potassium  hydrate,  potassium  propionate  is  formed,  and 
ammonia  liberated : 

ethyl  potassium 

cyanide  propionate 

When  ethyl  cyanide  is  brought  in  contact  with  dilute  sul- 
phuric acid  and  zinc,  i.  e.,  nascent  hydrogen,  it  combines 
with  4  atoms  of  it,  forming  propyl  amine: 

ethyl  cyanide  propyl  amine 

Ethyl-car  by  I  amine  C„H^-NC  was  the  name  given  by 
Gaiitier  to  the  isomeride  of  ethyl  cyanide,  previously  men- 
tioned.    It  is  a  colorless  liquid,  having  an  intensely  and 
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exceedingly  offensive  oSor,  and  boils  at  79°.    With  potassium 
hydrate  it  yields  potassium  formate  and  ethyl  amine: 

CJf,'NC+KOII+H^O  =  C,H^NIf^  +  KCHO, 

ethyl-carbyl  ethyl  potassium 

amine  amine  formate 

143.  Isoeyanldes, — Methyl-  and  ethyl-carbyl  amine  are 
known  as  isocyanides;  their  formulas  show  that  their  alkyl 
jL^roups  are  united  to  the  nitrogen  and  not  to  the  carbon  of 
the  OV group;  their  graphic  formula  must  then  be 

That  is,  cither  the  valence  of  the  nitrogen  atom  has 
changed  from  3  to  5,  or  the  valence  of  tlie  carbon  atom  of 
the  original  CN  group  from  4  to  2.  As  the  valence  of  car- 
bon in  all  other  organic  compounds  is  always  4,  while  that 
of  nitrogen  changes  quite  freely,  the  former  assumption 
appears  to  Ixi  the  more  likely  one.  The  terms  ethyl  and 
methyl  isocyanides  are,  recently,  in  more  frequent  use  than 
ethyl-  and  methyl-carbyl  amine. 

144.  Hydroxy-    and    Thlo-Cyaiioffoii    Compounds. 

Cyanuric  acid  C^X^{OIf)^  is  obtained  by  heating  urea  until 
the  melted  mass  solidifies  again; 

3a?(A7/,),  =  3.V//,+  (f..V,((7/03 

urea  cyanuric  acid 

This  residue  is  washed  with  water,  dissolved  in  potash, 
and  the  cyanuric  acid  precipitated  by  adding  hydrochloric 
acid.  A  better  result  is  obtained  by  passing  dry  chlorine 
over  urea  kept  in  fusion  by  a  gentle  heat: 

3a?(.v/o,+a,  =  2.\7/.a+//r/+.v+c..v,(<9//), 

The  residue  is  washed  in  cold  water  and  crystallized  from 
hot  water.  Cyanuric  acid  forms  small,  white  crystals,  solu- 
ble in  40  parts  of  cold  water,  and  very  soluble  in  boiling 
water  and  alcohol.  It  separates  from  its  boiling  solution  in 
orthorhombic  prisms  containing  2  molecules  of  water  of 
crystallization.  It  is  a  tribasic  acid,  forming  salts  in  which 
1,  2,   or  3  atoms  of  the  hydrogen  are  replaced  by  metal. 
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Examples  of  such  luiUsarc  trisodiuiH  lyanuralc  (\\,{0.\a),. 
lariuM  eyanuralt  C^N,O^HHa.  si/vir  cyanuratc  l'\^\{OAg)„ 
tc. 
Cyanic  acid  CN-  OH  is  obtained  by  the  dry  distillation  of 
cyanuric  acid.  Ontimoleculo  of  tlie  latter,  which  is  ]»oIymcnc 
with  cyauic  acid,  breaks  up  into  S  molecules  of  the  latter 
dy; 

C^N,{OIf\  =  zcN-on 

Cyanic  acid  condense^  '-•^  ^  •'""'  degrees  below  0"  to  a  color' 
less  liquid  having  a  str,.  rritating  smell,  resembling 

acetic  acid.     It  is  a  ratht  tie  compound.     As  soon  as 

:  is  removed  from  the  fri  mixture  iu  which  it  is  eon- 

:iiM;d,  and  its  temperatur  h  few  degrees  above  U^,  it 

odiiccs  a  crackling  noise,  is  converted  into  an  amor- 

ous white  mass,  known  iis  'ifliile,  which  fljipears  to  be 
[/olymeric  wilh  cyanic  acid,  :  may  be  reconverted  inli  it 
by  redistillation.     When  c  acid  is  mixed  wilh  water, 

beat  is  evolved,  and  the  becomes  alkaline,  from  ilie 

production  of  hydrtv-ammomum  ■  arbonale: 

CN-0H-\-2H,0  =  NH,HCO, 

Potassium  cyanate  KOCNi^  obtained  when  gaseous  cyan- 
ogen chloride  is  passed  into  a  well  cooled  solution  of  potas- 
sium hydrate,  as  is  seen  from  the  following  equation: 
CICN^^KOH  =  KOCN^KCl-\-Hfi 

It  crystallizes  in  needles  that  fuse  when  heated,  and 
become  metamerized  into  the  isocyanate. 

Potassium  isocyanate.  also  known  as  potassium  pseudo- 
cyanate  KNC\  O,  is  prepared  by  heating  to  dull  redness,  in 
a  flat,  iron  tray,  an  intimate  mixture  of  8  parts  of  well  dried 
potassium  ferrocyanide  and  I  pnrt  of  well  dried  manganese 
dioxide.  The  mixture  must  b-j  continually  stirred;  it  soon 
blackens  and  enters  into  semifusion.  After  cooling,  it  is 
reduced  to  powder  and  exhausted  with  boiling  alcohol.  On 
cooling,  the  filtered  alcoholic  solution  deposits  potassium 
isocyanate  in  laminated  transparent  crystals  that  are  anhy- 
drous.    Potassium  isocyanate  is  very  soluble  in  water,  but 
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only  slightly  so  in  cold  alcohol.  If  hydrochloric  acid  is 
added  to  an  aqueous  solution  of  potassium  is(x:yanate,  carbon 
dioxide  is  evolved,  together  with  some  pungent  vapor  of 
cyanic  acid. 

Ammonium  cyanate  NH^OCN  is  prepared  by  mixing 
vapor  of  cyanic  acid  with  ammonia  gas  in  excess,  where- 
upon it  is  deposited  in  minute  crj^stals,  that  effervesce  with 
the  acids,  evolving  carbon  dioxide.  If  the  cyanate  is  kept 
for  some  time,  or  if  its  aqueous  solution  is  boiled,  it  no 
longer  effervesces  with  the  acids  nor  evolves  ammonia  with 
cold  potassium-hydrate  solution,  having  become  changed 
into  urea  C(9(.V//,),. 

Ammonium  isocyanate  NH^J^CO  is  formed  when  vapor 
of  isocyanic  acid  is  led  into  ammonia  gas.  It  is  a  solid,  white 
mass,  very  soluble  in  water.  When  its  aqueous  solution  is 
treated  with  the  acids,  it  evolves  carbon  dioxide,  similarly  to 
ammonium  cyanate,  and  it  becomes  likewise  transformed 
into  urea  on  standing. 

145.  Thloeyanie  Add. — Thiocyanic  acid  HSCN,  also 
known  as  sulphocyanic  acid,  or  hydrogen  thiocyanati\  is 
obtained  by  decomposing  lead  t]ii(x:yanate,  suspended  in 
water,  with  hydrogen  sulphide.  The  filtered  solution  is 
colorless,  very  acid,  but  not  poisonous;  it  boils  below  100°, 
and  is  easily  decomposed  in  a  very  complex  manner,  by  ebul- 
lition, and  by  exposure  to  the  air.  Thiocyanic  acid  and  the 
thiocyanates  give  an  intense  blood-red  color  with  ferric  salts, 
producing  ferric  thiocyanate ;  the  red  color  is  bleached  by 
mercuric  chloride,  which  distinguishes  it  from  ferric  acetate. 

Potassium  thiocyanate  KSCjV,  also  known  as  potassium 
sulphocyanatCy  or  potassium  sulphocyanide^  is  prepared  by 
heating  a  mixture  of  2  parts  of  potassium  ferrocyanide  and 
1  part  of  sublimed  sulphur  to  redness  in  a  covered  crucible. 
After  cooling,  the  mass  is  dissolved  in  water,  the  solution 
filtered,  and  potassium  carbonate  added  to  the  liquid  as  long 
as  a  precipitate  of  ferrous  carbonate  is  formed.  The  sohition 
is  again  filtered,  evaporated  to  dryness,  the  residue  exhausted 
with  alcohol,  and  tlie  alcoliolic  solution  allowed  to  evaporate 


US' 

spontaneoiuly.  PoUannm  thkNyaiiate'  ciystaUJae*  in  knig 
prtematic  d^tala^  lesembling  potawhun  idtnte.  Xtlsdeli- 
qTtesoentandverysolitbleinwateruidalcohol.  Itftueseui^, 
becoming  dark  blue,  but  fades  again  on  cocding;  it  barns 
wlien  heated  in  air,  with  the  jmidnctioa  of  potaaHiun  sol- 
phate.  When  hydrochloric  add  is  added  to  a  atroiv  solntkm 
of  potasanm  Btdphocyaiiate,  a  yellovr  jvedpitate  oi  persnl- 
■phocTanic  acid  ia  obtained;,  tlda  may  be  crystallized  from 
hot  water,  and  yields  a  yellow  precipitate  of  lead  persttl^o- 
cyanate  /%(CW),i',  with  lead  nitrate.  ¥^en  heated  with 
dilate  snlphnric  add,  potasshun  sulphocyanate  yields  carbon 
oxysulphide  COS,  according  to  the  equation: 

jcscN+ft//,so.+i/,o  =  Kffso^+yif,frso,+cos 

Solution  of  potassium  sulphocyanate  produces  an  intense 
blood-Ted  color  with  the  ferric  salts,  due  to  the  fcrmation  of 
ferric  sulphocyanate. 

Ammtmium  sulfkocyanate  tx  emmomtum  thutcyam^t  - 
NH^CNS  is  formed  on  heating  prussic  add  with  yellow 
ammonium  sulphide.  It  is  most  readily  obtained  by  heating 
carbon  disulphide  with  alcoholic  ammonia: 

C.s;  +  4A7/.  =:  NI{,CNS-\-{NHXS 

It  crystallizes  in  prisms  tliat  readily  dissolve  in  water  and 
alcohol.  It  melts  at  about  150°.  The  thiocyanates  of 
sodium,  barium,  strontium,  calcium,  manganese,  and  ferrous 
thiocyanate  are  colorless  and  very  soluble;  those  of  lead  and 
silver  are  white  and  insoluble. 

Cyanogen  sulphide  {CN)^S  is  formed  when  cyanogen 
iodide  in  ethereal  solution  acts  on  silver  thiocyanate.  It 
crystallizes  in  rhonibie  jilates,  melting  at  05°,  and  is  soluble 
iu  water,  alcohol,  and  ether. 

Pseudo-cyanogen  sulphide  C^NJiS^  is  formed  in  the  oxida- 
tion of  potassium  .sulphocyanate  with  nitric  acid  or  chlorine. 
It  is  a  yellow  amorphous  powder,  insoluble  in  water,  alco- 
hol, and  ether.  It  dissolves  with  a  yellow  color  in  alkalies. 
Ciiniirhie  is  similar  to,  and  probably  identical  with,  pseudo- 
tyanoycu  sulphide.   It  is  obtained  from  A'CA''.Sby  electrolysis. 
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or  by  oxidation  with  KCIO^  and  HCi.  It  is  applied  as 
a  yellow  or  orange  dye  for  wool,  and  does  not  require  a 
mordant. 

146.  Cyanninlde. — Cyanamide  CN^H^  is  formed  by  the 
action  of  cyanogen  chloride  or  bromide  on  an  ethereal  solu- 
tion of  ammonia,  or  bv  the  action  of  mercuric  oxide  or  silver 
oxide  on  sulpho-urca,  as  is  seen  from  the  following  equa- 
tion : 

siilpho-urea  cyanamide 

It  forms  crystals  fusible  at  40°  and  soluble  in  water,  alco- 
hol, and  ether.  Amnion iacal  silver  nitrate  precipitates  from 
its  solution  a  yellow  silver  compound  containing  CN^Ag^. 
Ky  the  action  of  acids  it  combines  with  the  elements  of 
water,  forming  urea.  Hydrogen  sulphide  reconverts  it  into 
sulpho-urea,  as  is  shown  by  the  following  equation: 

Dicyanimide  HN{CN)^  is  obtained  by  the  action  of  potash 
on  a  solution  of  potassium  cyanatc,  according  to  the  equa- 
tion : 

'^KOCX-^irp  =  {/C0)/\)  +  A'0//+  /LV{CX\ 

On  neutralizing  the  solution  with  JIXO^  and  adding 
AgNO^,  a  precipitate  i)i  AgN[CX)^  is  ol)taincd. 

147,  Mustartl  Oil. — The  iso-thiocyanates  of  the  hydro- 
carbon radicals  are  known  as  tJiiocarbiviidcs^  or,  more  gener- 
ally, as  mustard  oils,  AUyl  iso-thiocyanate  HjC^'NCS  is 
the  principal  constituent  of  ordinary  mustard  oil,  which  is 
obtained  by  distilling  powdered  black  mustard  seeds  with 
water.  Mustard  seeds  contain  potassium  viyronatc  and  a 
peculiar  ferment  known  as  inyrosin.  Under  the  influence  of 
water  and  this  ferment,  the  potas.sium  myronate  breaks  up 
into  grap>e  sugar,  hydropotassium  sulphate,  and  mustard  oil. 
The  reaction  occurs  even  at  l**^,  and  the  seeds  yield  about 
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i  per  cent,  of  the  oil.  The  reaction  may  be  expressed  by 
ine  subjoined  equation: 

CJ/„K.\0„S^  =  C.fl,fi,  +  KHSO^+  H^C,-/ICS 

pulasisium  i^rapc         hydroputas-        allyl  iM>- 

myronate  sugar      slum  sulpbale    thiocyandte 

Mustard  oil  is  also  obtained  artificially  by  distilling  allyl 
de  or  bromide  with  an  alcoholic  solution  of  either  potas- 
n  or  silver  thiocyanate,  according  to  the  equation : 
KSC.\+  CJI.  '  -    ",C,XCS-\-Kf 
Essential  oil  of  mustar  liquid  that  is  insoluble  in 

water,  but  readily  dissolve  cohol  and  ether.     It  boils 

at  150.7°.  and  has  a  speci/i  ily  of  1.017  at  10°,     It  has 

a  pungent  odor  and  causes  i  on  the  skin.     It  is  slowly 

composed    by    light,    de|  ig    a    yellow    precipitate, 

hen  heated  with  water  or  ochloric  acid,  it  is  decom- 

posed, undergoing  the  follow  caction: 

//,C,XCS +  2/^.0  =  +//^S+.Vff,C,/r, 

It  unites  with  aqueous  uiun.     ia  to  form  allyl  thio-urci. 

When  heated  with  water  and  lead  oxide,  it  yieMs  diallyl  urea, 

148.  Fulminates.— The  salts  known  as  fulminates  are 
prepared  from  the  fulminates  of  mercury  and  silver,  obtained 
when  those  metals  are  treated  with  nitric  acid  and  alcohol. 

Mercuric  fulminate  HgO(CN^fi  and  silver  fulminate 
{CN^J^OAg)^  are  prepared  by  dissolving  mercury  or  silver  in 
nitric  acid  and  adding  alcohol  to  the  still  hot  solution.  In  a 
few  minutes,  a  brisk  effervescence  takes  place,  and  fulminate 
of  mercury  or  silver  is  deposited  as  a  white  crystalline  pre- 
cipitate. UTien  dry,  these  bodies  explode  violently  by  either 
heat  or  percussion.  Fulminate  of  mercury  is  the  basis  of 
percussion  caps. 

Warm  ammonia  dissolves  sih'er  fulminate,  and  depos- 
its, on  cooling,  crystals  of  silver -ammonium  fulminate 
NHfi-C^-O-NCAg.  a  compound  that  is  even  more 
violently  explosive  than  silver  fulminate,  and  is  even  dan- 
gerous while  moist.  A  similar  compound  is  also  formed 
with  mercuric  fulminate.     Potassium  chloride,  added  to  a 
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hot  solution  of  silver  fulminate,  removes  one-half  of  the 
silver  as  precipitated  silver  chloride,  and  the  solution  deposits 
shining  plates  of  silver -potassium  fulminate  KOCNONCAg^ 
which  is  also  dangerously  explosive.  *  By  careful  addition 
of  nitric  acid,  the  K  may  be  replaced  by  //,  and  the  silver- 
hydrogen  fulminate  HO'CN'ONCAg obtained,  which  readily 
dissolves  in  boiling  water  and  crystallizes  on  cooling;  by 
boiling  with  silver  oxide  or  mercuric  oxide,  this  is  recon- 
verted into  either  silver  or  mercuric  fulminate.  Zinc  and 
copper  fulminate  may  be  obtained  by  decomposing  moist 
mercuric  fulminate  w^ith  those  metals;  they  are  soluble, 
crystalline,  and  explosive. 

Sodium  fulminate  NaO-CNO^NCNa^^Aq  is  obtained  by 
the  action  of  sodium  amalgam  on  an  aqueous  solution  of 
mercuric  fulminate.  On  evaporating  over  lime  and  sul- 
phuric acid,  the  sodium  salt  is  deposited  in  prisms  that 
explode  when  rubbed. 

Fulminuric  or  isoeyanurie  acid  HO'NC{OC-Nfr)^  is 
obtained  as  a  potassium  salt  by  boiling  mercuric  fulminate 
with  potassium  chloride,  potassium  fulminate  being  formed 
first: 

=  KO'NC{OC'Nn\  +  KOJf  +  K^CO^  +  NH^ 

On  adding  silver  nitrate,  the  sparingly  soluble  silver 
fulminurate  AgO'NC{OC'NH)^  crystallizes  out,  and  by 
decomposing  this  with  H^S  and  evaporating  the  filtrate,  a 
solution  of  the  acid  is  obtained ;  it  crystallizes  with  difl&culty, 
and  is  soluble  in  alcohol. 


It 
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(PART  4.) 


DERIVATIVES  OF  IIYDROCAEBONS, 


PHENOIiS. 

1,  The  phenols,  or  hydroxy  benzenes,  are,  as  the  latter 
name  implies,  hydroxy  1  derivatives  of  benzene,  and  their  posi- 
tion lies  midway  between  the  alcohols  and  the  acids.  They  are 
derived  from  the  benzene  hvdrocarbons  in  a  similar  manner 
to  that  by  which  the  alcohols  of  the  fatty  series  are  derived 
from  the  paraffins,  that  is,  by  the  replacement  of  hydrogen 
in  the  benzene  nucleus  by  one  or  more  hydroxyl  groups; 
as,  for  instance,  phenol  CJI^-OII,  orcinol  CJf^CH^'{OH\y 
pyrogallol  C^HJl^OH)^,  If  the  hydroxyl  is  introduced  into 
the  methyl  group  instead  of  into  the  phenyl  group  in  the 
homologues  of  benzene  (see  Art.  101,  Organic  Chemistry^ 
Part  1),  an  alcohol  is  produced ;  thus,  CJJ^CIIfiH  is  benzyl 
alcohol,  while  C^H^-OH-CH^  is  methyl  phenol,  or  cresol. 

The  phenols  are  either  liquids  or  solids,  and  are  frequently 
characterized  by  a  peculiar  odor ;  some  characteristic  exam- 
ples of  phenols  are  carbolic  acid,  thymol,  etc.  Most  of  the 
phenols  can  be  distilled  without  decomposition,  and  are 
readily  soluble  in  alcohol  and  ether;  some  dissolve  readily  in 
water,  while  others  dissolve  but  sparingly.  Many  of  them 
possess  antiseptic  properties,  as,  for  instance,  phenol,  cresol, 
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and  reaorcin.  Pheaols  are  distinsfouhed  ttom  alcohobi  by 
their  tendency  to  combine  very  readily  with  the  aitntiftit^ 
which  originally  caused  them  to  be  mistatea  for  acida  Ai 
in  the  case  of  alcohols,  phenols  may  contain  cne  hydnn^ 
group  (monohydric  phenols),  two  hydnn^l  groups  (dihydrie 
phenols),  three  hydroxyl  groups  (trihydric  {Aenols),  etc 
All  phenols  possess  a  characteristic  tendency  to  produce 
colored  products  of  oxidation,  and  nsoalfy  acquire  an  intense 
color  by  the  addition  of  ferric  sdts. 

The  phenols  are  frequently  products  of  the  diy  distillatioa 
of  complex  organic  substances,  as,  for  instance,  coal,  but  tbey 
are  also  obtained  by  fuang  the  sulpbonic  adds  with  alkalies; 
thus,  benzene  sulpbonic  acid  yiel^  phenol,  as  is  seen  from 
the  following  equation:  '        - 

CJJ^SOfiK-^KOH  ==  C,ff^OH-{-K^O, 


sulphonate  P»^*" 

Another  general  method  sonutimes  emidc^ed  is  the  distil- 
lation of  aromatic  hydroicy-acids,  either  almw  or  with  lime. 


MONOIIYDIirC  PIIENOIja,  OR  MONOHYDROXYBKNZKXE9. 

U.  Phenol. — Phenol,  or  plunic  acid,  or  carbolic  acid, 
CJl^-OH  was  discovered  in  1834  by  Runge.  It  exists  in 
coul  tar,  from  wliich  large  quantities  of  phenol  are  obtained 
by  distillation.  That  part  of  the  coal  tar  which  passes  over 
into  the  receiver  between  150°  and  200°  is  collected  sepa- 
rately, and  mixed  with  a  saturated  solution  of  either  potas- 
sium or  sodium  hydrate,  to  whieh  solid  potash,  or  soda,  is 
added,  A  crj-stalline  phenate  of  potassium  or  sodium  is 
formed;  this  is  dissolved  in  boiling  water,  the  insoluble  oil 
that  floats  is  separated,  and  the  alkaline  solution  is  neutral- 
ized with  hydrochloric  acid,  whereupon  the  phenol  separates. 
It  is  collected,  washed  with  a  small  quantity  of  water,  dehy- 
drated with  calcium  chloride,  and  rectified  by  distillation. 
The  distilled  product  is  cooled  to  - 10°,  and  the  crystals 
deposited  are  allowed  to  drain  out  of  contact  with  the  air. 

Phenol  may  be  prepared  artificially  from  benzene  by  a 
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process  that  is  applicable  to  the  preparation  of  all  phenols, 
as  has  been  already  stated  in  Art.  !•  It  consists  in  treating 
benzene  with  sulphuric  acid,  though  fuming  sulphuric  acid 
is  preferable.  Benzene  sulphonic  is  formed;  this  is  diluted 
with  water  to  separate  the  excess  of  hydrocarbon,  and  the 
solution  is  neutralized  with  chalk;  ailcium -benzene  sulphon- 
ate,  which  is  soluble,  and  sulphate,  which  is  insoluble,  are 
formed.  The  calcium- benzene  sulphonate  is  converted  into 
the  sodium  salt  by  double  decomposition  with  sodium  car- 
bonate, and,  after  evaporation  and  desiccation,  the  product 
is  fused  in  a  silver  crucible  with  an  excess  of  potassium 
hydrate.  The  mass  is  exhausted  with  water,  and  the  alkaline 
solution  decomposed  by  hydrochloric  acid.  The  phenol 
separates,  and  is  dried  and  purified  by  distillation. 

There  is  another  very  simple  synthesis  of  phenol.  In  the 
presence  of  aluminum  chloride,  benzene  absorbs  oxygen 
directly,  and  phenol  is  formed : 

C,If,+  0  =  C,H,0 

This  reaction  is  one  of  the  most  unexpected  and  interest- 
ing applications  of  a  general  method  of  synthesis  discovered 
by  Friedel  and  Crafts. 

3.  Pure  phenol  crystallizes  in  long,  colorless,  prismatic 
needles,  having  a  specific  gravity  of  1.084,  melting  at  about 
40°,  and  boiling  at  183°.  The  commercial  product  forms  a 
crystalline  mass  that  turns  reddish  in  a  short  time,  and,  in 
contact  with  moist  air,  deliquesces  to  a  brown  liquid.  Its 
odor  is  peculiar  and  characteristic;  its  taste,  acrid  and  burn- 
ing. It  is  poisonous  when  tiiken  internally,  blisters  the  skin, 
and  acts  as  an  antiseptic.  It  freely  dissolves  in  alcoliol, 
ether,  and  acetic  acid,  and  is  soluble  in  15  parts  of  water  at 
about  20°  Its  solution  is  colored  a  dark  violet  by  ferric  salts, 
and  bromine  water,  even  in  very  dilute  solutions,  forms  a 
yellow  precipitate  of  tribromphenol.  A  pine  shaving  mois- 
tened with  hydrochloric  acid  assumes  a  blue  color  when 
dipped  in  phenol  and  exposed  to  the  air. 

Although  phenol  is  neutral  to  litmus  paper,  it  forms 
definite  combinations  with  the  alkalies.     When  it  is  mixed 


with  a  very  concentrated  solatiaa  ctf  potMrimn  Iqrdiate,  a 
crystallise  masB  is  obtained  that  oooatitDtes  /ptesxAnw 
phaiatt  CJI^OK.  The  fame  praduct  ia  Conned,  with  the 
disengagement  of  hydrogen,  by  the  actlm  of  metallic  potas- 
ainin  on  phenol  ^le  acdobility  o£  jdienol  in  the  alkaline 
hydrates  ia  applied  in  the  aeparatJon  of  this  compound  from 
the  neutral  otli'  that  accompany  It.  The  property  is  com- 
mon to  the  phenols,  and  indicates  the  sU^tly  add  character 
of  this  class  of  compounds.  Fhoephoiic  dikride  converts 
phenol  into  phenyl  chloride^  aa  is  seen  from  the  following 
equation : 

CJi^OHJrPCt^  =  'CJf^-a-\'PO.a,-{-HCl 
The  hydrogen  in  the  group  CJf^  in  phenol  can  be  readily 
replaced  by  chlorine,  bromine,  or  such  gronpa  as  IfO^  NO, 
'  NH^  etc.  The  compounds  so  formed  mqr  sometimes  be 
obtained  directly  (as  the  nitrophenols),  and  sometimes  by 
indirect  procesGe&  In  the  presence  of  sodium,  i^nol 
directly  combines  with  carbcni  dioodde,  forming  salicylic 
acid: 

sodium  salicylate 

Tlie  following  remarkable  reaction  of  phenol  was  first 
noticed  by  Reimer  and  Tiemann:  When  it  is  heated  with 
chloroform  and  an  excess  of  sodium  hydrate,  in  the  proportion 
of  1  molecule  each  of  phenol  and  chloroform,  and  4  molecules 
of  sodium  hydrate,  it  is  converted  into  salicyl  aldehyde: 

C.H^ONa+ZNaOH+CHCl,  =  C,N,O,Na+3Naa+iN^0 
sotlium  Bodium 

phcnatc  salicylite 

The  compound  C,ff^O,A'^ti  is  the  sodium  compound  of 
salicyl  aldehyde,  into  which  it  is  converted  by  hydrochloric 

acid. 

4.  Ethers  of  FtienoJs.—Di/>/icnj'/  oxide  C^H^-OC.H^, 
or  (C,//,).^(7,  is  formed,  together  with  other  products,  by  the 
dry  distillation  of  copper  bcnzoate.     It  ciystallizes  in  long 
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needles  that  fuse  at  28°.  It  boils  at  246°,  and  is  very  soluble 
in  alcohol  and  water.  It  is  a  very  stable  compound  that 
cannot  be  reduced  by  either  zinc  or  hydriodic  acid. 

Methyl'plienyl  oxide^  or  anisol^  or  viethyl-phcnyl  ether^ 
C^H^-0'CH^  was  first  obtained  by  distilling  anisic  acid  with 
barium  oxide  or  lime : 

anisic  acid  anisol 

It  may  be  prepared  more  readily  by  synthesis  through  the 
reaction  of  methyl  iodide  on  potassium  phenate : 

C,H^'OK+CHJ  ^  KI+CJf,'0'CH, 

It  is  a  colorless  liquid  having  an  ethereal  odor.  It  has  a 
specific  gravity  of  .991  at  15°,  boils  at  152°,  and  is  insoluble 
in  water. 

5.  Ethyl-phcnyl  oxidi\  ov  fihcnctol^  CJI^-OC^H^  maybe 
obtained  by  a  process  analogous  to  the  last  method  indicated 
for  preparing  anisol.  It  is  an  aromatic  liquid  that  boils 
at  172°. 

Plienyl'Siilphnric  acid  is  analogous  to  ethyl-sulphuric  acid. 

SO  <^^«^»  SO  <^^«^» 

ethyl-sulphuric  acid         phenyl-sulphuric  acid 

The  acid  is  not  known  in  the  free  state,  but  its  potassium 
salt  exists;  it  is  formed  when  potassium  phenate  is  heated 
with  an  aqueous  solution  of  potassium  pyrosulphate  K^S^O^. 
It  exists  in  the  urine  of  herbivorous  animals.  If  phenol 
is  ingested,  it  appears  in  the  urine  as  potassium  phenyl 
sulphate. 

6.  Substituted  Derivatives  of  Phenol. — Among  the 
very  numerous  compounds  derived  from  phenol  by  the  sub- 
stitution of  various  elements  or  groups  for  the  hydrogen  of 
the  group  C,//^,  only  a  few  of  the  nitro  and  sulphonic  com- 
pounds can  be  described  here. 


ifoHMUrofkenals  CJI^<Qji  exist  In  three  iaomerie  modi- 
fications. Two  of  them,  the  ortho-  and  the  para-mononltio- 
phenols,  are  formed  by  tlw  action  of  nitric  add  on  [dienol: 

The  meta  derivative  is  obtained  by  indirect  process.  ' 

OrthoHttrophenot  crystallises  in  laije  yelknr  prisms,  slightly 
soluble  in  water,  fusible  at  i5^  and  bdling  at  %\V.  It  is 
readily  carried  over  with  vapiv  of  water,  and  may  be  sepa- 
rated from  the  para-isomeride. 

Metanitrephenol  is  obtained  in  ydlow  crystab,  fusible  at 
W,  and  quite  soluble  in  water.  It  does  not  distil  with  -mpat 
d  water. 

Paraxitrcphenol  6Bpo&i\s  from  its  boiling  aqneons  solution 
in  long  colorless  needles,  fusible  at  114".  They  redden  on 
exposure  to  air.     Nascent  hydrogen  c<Hiverts  the  nion<»itro- 

phenols  into  amido-phenols  ^.^«</i //■*• 

NOH 
Nitrosophcnol,  or  quinone  monoxime,  C^M^  ^  |        is  obtained 

by  the  action  of  liydroxyl  amine  on  quinone,  as  is  seen  from- 
the  following  equation : 

CJf- a  +  H,N- OH  =  C,ff, <  I  +  HO 

^O 

NitTOSophcnol  crystallizes  from  hot  aqueous  solutions  in 
fine  colorless  needles.  It  dissolves  in  water,  alcohol,  and 
ether,  forming  pjile-green  solutions.  It  becomes  brown  on 
exposure  to  air,  and  explodes  when  heated  to  fromllO"  to  120°. 

7.  The  most  important  of  this  class  of  compounds  is 
triiiitrophciiol  C^H,(NO,),-OfI,  or  carbasotk  acid,  probably- 
best  known  under  the  name  of  picric  acid.  It  is  prepared  by 
dissolving  1  part  of  phenol  In  1  part  of  strong  sulphuric  acid, 
and  by  degrees  adding  the  solution  of  phenol- sulphonic  acid 
thus  obtained  to  3  parts  of  strong  nitric  acid.     When  the 
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violent  action  is  over,  the  mixture  is  heated  on  the  water  bath 
as  long  as  considerable  red  gas  is  evolved.  On  cooling,  a 
crystalline  tnass  of  picric  acid  that  is  purified  by  dissolving 
in  boiling  water,  filtering,  and  crystallizing,  is  obtained.  It 
is  deposited  in  yellow  plates  or  prisms  that  are  sparingly 
soluble  in  cold  water,  but  more  easily  on  heating,  imparting 
a  bright  yellow  color  to  a  large  volume  of  water ;  alcohol  dis- 
solves it  readily.  Its  solution  has  an  intensely  bitter  taste, 
and  stains  the  skin  and  other  organic  matters  yellow,  a  prop- 
erty that  is  turned  into  account  in  dyeing  silk,  wool,  etc. 
When  heated,  the  crystals  fuse  at  112°  with  partial  sublima- 
tion, and  explode  slightly  at  a  higher  temperature,  in  conse- 
quence of  the  sudden  formation  of  gas  and  the  evolution  of 
heat  by  the  action  of  the  NO^  on  the  C  and  //.  The  conver- 
sion of  phenol  into  picric  acid  by  the  action  of  nitric  acid 
may  be  represented  by  the  following  equation : 

8.  Picric  acid  is  one  of  the  very  few  acids  that  form 
sparingly  soluble  p<:)tassium  salts.  A  cold  saturated  aqueous 
solution  of  picric  acid  is  even  a  better  test  for  potassium 
than  is  tartiiric  acid,  giving,  especially  on  stirring,  a  yel- 
low, adherent,  crystalline  precipitate  of  potassium  picrate 
CJiJ^NO^fiK,  This  siilt  explodes  violently  when  heated 
or  stnick  and  has  been  used  as  an  explosive.  Ammonium 
picrate  is  also  a  very  explosive  salt.  Picric  acid  precipitates 
several  of  the  alkaloids.  An  alcoholic  solution  of  picric  acid 
forms  crystalline  compounds  with  several  hydrocarbons 
in  alcoholic  solutions,  particularly  with  benzene,  naphtha- 
lene, and  anthracene.  Reducing  agents,  such  as  glucose 
in  alkaline  solutions,  convert  picric  acid  into  picramic  acid 
CJI^^NO^J^NH^  OH,  which  forms  red  salts.  Gently  heated 
with  solution  of  chloride  of  lime,  picric  acid  yields  c/iloro- 
picrin,  or  nitrochloroform  C{NO^Cl^,  which  is  readily  recog- 
nized by  its  pungent,  tear-provoking  odor. 

9,  Picric  acid  is  a  very  common  product  of  the  action  of 
nitric  acid  on  organic  substances;    indigo,  silk,  and   many 


resiis  fnndsh  it  in  conridBrable  qaanUty^  opedalljr  tbe 
fragraot  ted  redn  knomi  ■■  "Botany  Bt^  gnu***  obtaiiMd 
£rom  one  of  the  gnat  trees  of  New  Soatk  Wal^  wldch  is 
•ometinies  oaed  for  ptepuing  piciie  add.  It  ia  aaid  thot 
piaic  add  ia  sometitnea  tued  as  a  bop  "*"t'liilr  in  beer; 
its  presence  may  be  eaaly  and  qidAly  deteriuiued  hy  gently 
beating  tbe  suspected  beer  and  «Mfc|'«g  a  tluead  of  lAite 
wool  in  tbe  warmliqoid;  riKMild  the  wool  take  s  fast  yellow 
•ccdcM-,  the  piesence  of  pkxic  add  is  cstabBabed. 

10.  Fbenol-SnlplLoBSe  A«14a. — ^nien<d-anlpbonic 

add  C^,<.cQ  Qff  exists  in  time  iKaaeite  modificaticHia. 

Tbe  oTtbo  and  pom  compoonda  are  fonaed  iriien  phenol  is 
dissolved  in  concentrated  salidtniie  add.  Tbe  first  is  formed 
in  large  quantities  in  tbe  cold,  and  ia  nafflyooDvcrted  into  tbe 
para  derinitive  by  heat  Tbe  excess  of  anlpihnrie  fcid  is  sep- 
arated by  nentrslizing  it  with  dislk,  removing  ibe  calctnm 
sulphate  by  filtrati<«,  and  decomposing  tbe  sohitlon  of  the 
calcium  salts  with  potassium  carbonate.  When  evaporated, 
the  solution  first  deposits  potasiiium  para- phenol  sulphonate  in 
hexagonal  plates,  and  the  potassium  ortho- phenol  sulphonate 
afterwards  crystallizes  out  in  needles  containing  two  mole- 
cules of  water.  The  latter  salt  is  very  soluble  in  water;  if 
heated  with  an  excess  of  potassium  hydrate,  it  is  converted 
into  pyrocatechin,  as  is  seen  from  the  subjoined  equation : 

C,H,<^'^g^,  +  lKOH  =  K,SO.  +  H,0+C.H,<°fi^ 

potassium  phenol  potassium  compound 

sulpliunaii!  of  potassium  of  pyrocatechin 

The  ortho-acid  is  used  as  an  antiseptic  under  the  name  of 
asfptol.  Metaphcnol-sulphimic  acid  has  also  been  isolated. 
It  crystallizes  in  fine  needles  containing  two  molecules  of 
water.  When  heated  with  an  excess  of  potasdum  hydrate, 
it  yields  resorcinol. 

11.  Ci-osols,  —  Crtsols,  or  methyl  phenols,  or  hydroxy 
toluenes,  C,//,(tW,)0//accompany  phenol  in  coal  tar.     The 
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coal-tar  creosote  is  a  mixture  of  phenol  and  cresol.  The 
cresols  may  be  prepared  by  dissolving  the  corresponding 
toluidines  in  sulphuric  acid,  adding  potassium  nitrite,  and 
distilling  by  steam ; 

C,HXCH^NH,^HNO,  =  CJ^CIQOn-\-H,0+N, 

Orthocresol  is  solid  and  fuses  at  201°;  paracresol  is  solid 
and  fuses  at  3G°,  and  boils  at  IDS*^;  they  are  mctameric  with 
benzyl  alcohol  C^H^-CH^OH,  Paracresol  occurs  in  urine, 
and  is  a  product  of  the  putrefaction  of  albumin ;  its  dinitro 
derivative  is  a  yellow  dye,  commercially  known  as  Victoria 
orange,  Metacresol  and  paracresol  give  a  blue  color  with 
ferric  chloride. 

13.  Naphthols. — Naphthols  C^^H^  •  Olldive  phenols  from 
naphthalene,  and  arc  prepared  from  naphthalene  sulphonic 
acids  or  naphthyl  amines;  a-naphthol  melts  at  95°  and 
boils  at  282°;  )3-naphthol  melts  at  122°  and  boils  at  285°; 
the  latter  is  more  soluble  in  water,  and  is  used  as  an  anti- 
septic. The  naphthols  are  true  phenols,  but  they  resemble 
the  alcohols  more  than  do  the  benzene  phenols.  They  give 
rise  to  a  number  of  important  dycstuffs  that  are  chiefly  nitro 
derivatives  and  diazo  derivatives.  Thus,  dfnitro  a-naph- 
thol C^^Hjl^NO^^OH  is  Martin's  yclloio,  ox  naphthalene  yel- 
low. The  photographic  developer  eikonogcn  is  sodium  amido 
i3-naphthol  sulphonate  C,,HJ^OH){NIQ{SO^Na). 


DIUTDRIC  PHENOLS  OR  DIHYDROXY  BENZENES. 

13.  Three  isomeric  bodies  having  the  composition 
C^H^(OH)^siTe  known;  they  are  derived  from  benzene  by 
the  substitution  of  two  hydroxyl  groups  for  two  atoms  of 
hydrogen.  These  three  bodies  are  pyrocatechin,  resorcinol, 
and  hydroquinone.  The  latter  compound  also  belongs  to  this 
class,  and  will  be  considered  in  connection  with  the  quinones. 

14.  Pyrocatechin. — Pyrocatechin  1:2  ^6^A</7//»  ^^ 
catechol,  obtained  its  name  from  the  fact  that  it  was  first 
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obtained  by  the  destructive  distillation  of  catechu,  an  astrin- 
gent body  extracted  by  boiling  water  from  the  inner  bark 
wood  of  acacia  catechu^  and  used  in  tanning.  It  is  also 
produced  by  the  distillation  of  gum  kino  and  various 
tannins.  It  is  generally  prepared  by  conducting  hydriodic- 
acid  gas  into  guaiacol  CJiJI^OH)(OCH^  heated  to  105°. 
The  latter  is  obtained  by  distilling  guaiacum,  a  resinous 
exudation  from  the  West  Indian  tree,  known  as  lignum  vita*. 
Pyrocatechin  is  a  solid  body,  very  soluble  in  water  and  alco- 
hol, but  only  very  slightly  soluble  in  ether;  it  crj'stallizes 
from  its  aqueous  solution  in  prisms.  It  melts  at  104°,  and 
sublimes  below  that  temperature  in  brilliant,  coloriess  plates. 
It  boils  between  2-10''  and  245°.  Its  odor  is  strong  and 
excites  sneezing.  It  has  the  character  of  an  acid  like  phenol 
itself.  It  dissolves  in  the  alkalies  and  in  the  alkaline  car- 
bonates. When  exposed  to  the  air,  these  solutions  become 
colored,  first  green,  then  brown,  and  finally  black.  An 
aqueous  solution  of  pyrocatechin  produces  a  deep-green 
color  with  ferric  chloride,  which  changes  to  dark  red  on  the 
addition  of  an  alkali. 

15.      llosorcliiol.  —  Rcsorcinol    1:3  CJl^OH)^   was 

named  iwnn  rcsi/i,  bcini;*  formed  when  certain  gums,  such  as 
<;albanum,  asafctida,  <^^um  ammoniac,  etc.,  are  fused  with 
potassium  liydratc.  It  is  made  on  a  large  scale  for  the 
manufacture  of  colors,  by  fusin^i^  benzene  disulphonic  acid 
willi  caustic  ])otasli.  The  fused  mass  is  dissolved  in  water, 
supersaturated  witli  sul])huric  acid,  filtered,  and  the  filtered 
s<»lutioii  shaken  witli  etlier,  which  dissolves  the  resoreinol. 
After  havin-'-  driven  o(T  the  ether  on  a  water  bath,  a  residue 
is  obtained,  wliich  is  distilled;  the  rcsorcinol  sublimes  and 
condenses  in  radiated  crystals.  Rcsorcinol  crystallizes  in 
])risms  or  tables  that  fuse  at  11S°,  and  boil  at  270°,  but  may 
be  suljlimed  at  a  much  lower  temperature.  It  has  a  sweet 
taste,  and  dissolves  readily  in  water,  alcohol,  and  ether.  Its 
solutions  ,i;ive  a  violet  e(»lor  with  ferric  chloride.  Exposed 
to  air,  it  absorbs  oxyi^en  and  becomes  brown;  ammoniacal 
copi)er  and  silver  solutions  arc  reduced  when  heated  with  it. 


§  15  ORGANIC  CHEMISTRY.  11 

The  most  characteristic  test  for  resorcinol  consists  in  heat- 
ing it  with  phthalic  anhydride,  dissolving  in  dilute  sul- 
phuric acid,  and  adding  ammonia,  when  a  beautiful  green 
fluorescence  is  produced. 

CH 
16,     Orelnol. — Orcinol  CJf^^,,.rrxt  also  known  as 

1:3:5  di hydroxy  toluene  or  ore  in  ^  was  discovered  by  Robi- 
quet  in  1829.  It  is  prepared  from  certain  lichens,  which  are 
used  by  dyers  for  preparing  the  colors  known  as  litmus, 
cudbear,  and  archil ;  such  as,  Lecanora  tar  tar  ea^  or  rock  moss; 
Roeeella  tinctoria^  or  orchclla  weed,  and  others.  The  lichens 
are  boiled  with  lime  and  water  for  some  time,  the  solution 
filtered,  evaporated  to  about  one-fourth  of  their  volume, 
treated  with  CO^  to  precipitate  the  lime,  and  shaken  with 
ether  to  extract  the  orcin.  Some  orcin  appears  to  exist 
already  formed  in  the  lichens,  but  the  greater  part  of  it  is 
formed  by  the  action  of  the  lime  and  water  on  certain  acids 
that  may  be  extracted  from  the  lichens  by  lime  in  the  cold, 
and  obtained  as  gelatinous  precipitates  by  adding  HCL 
Thus,  orsellinic  aeid  CJ!,CH^{OIf)^COJf,  when  boiled 
with  lime,  yields  carbon  dioxide  and  orcin  C^HjCHJ^OhJ)^. 
Orcin  crystallizes  in  colorless  six-sided  prisms  containing 
1  molecule  of  water.  It  fuses  at  58°,  loses  its  molecule  of 
water  at  80°,  and  boils  at  200°.  It  has  a  sweet  taste  and  is 
soluble  in  water,  alcohol,  and  ether.  Its  solutions  are 
colored  violet  by  ferric  chloride.  It  forms  a  crystalline 
compound  with  1  molecule  of  ammonia,  and,  when  its  solu- 
tion in  ammonia  is  exposed  to  air,  it  absorbs  oxygen,  giving 
a  purple  solution,  from  which  acetic  acid  precipitates  a  red 
coloring  matter,  oredin  CJi^NO^ : 

orcin  orcein 

This  substance  is  the  chief  coloring  matter  of  the  dyes 
prepared  from  lichens  by  mixing  them  with  lime  and  urine 
(the  latter  to  furnish  ammonia),  and  exposing  them  to  the 
air  for  some  weeks.  The  color  is  pressed  out,  and  made 
into  cakes  with  chalk  or  plaster  of  Paris.   Orcin  only  dissolves 
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sparingly  in  water,  but  is  qaite  readily  soluble  in  alcohol 
and  alkaline  liquids,  yielding  purple  solutions  that  are 
reddened  by  acids,  orcein  being  precipitated. 


t 


TnmYDRir  pitKxoia  on  xnim-DBOxy  benzskes. 

1 7.  ryroBaHol.— Pyrogailol  C,ff,{0/7)^.  also  known  as 
ogaliU  acidy  is  formed  by  the  dry  distillation  of  gallic 

J: 

It  is  also  formed  the  clilorplienol-su  I  phonic 

Is  is  melted  with  ih,  ns  is  seen  from  the  fol- 

ning  equation: 

It  crystallizes  cedles,  melts  at  115°,  and 

boils  at  210°,  and  ...  t  le  in  water,  ether,  or  alco- 

hol.    In  an  alkaline  som  bsorbs  oxygen  rapidly  and 

becomes  brown.  On  acc.iunt  oi  ibis  power  to  absorb  nxy- 
gen,  it  is  used  in  gas  analysis.  It  is  a  strong  reducing 
agent,  precipitating  silver  and  mercury  in  the  metallic  state; 
its  action  on  silver  salts  renders  it  useftd  in  photography. 
With  a  solution  of  ferrous  salt,  it  gives  no  color;  but  if  a 
trace  of  ferric  salt  is  mixed  with  the  ferrous  salt,  a  blue 
coloration  is  at  once  obtained.  Ferric  salt  alone  gives  a  red 
color.  When  heated  with  phthalic  anhydride,  it  yields  pjTo- 
gallol  phthalein,  or  gallein,  C,,//,,^?,,  which  is  osed  as  a  red 
dye.  When  chlorine  is  passed  through  a  cooled  solution  of 
pyrngallol  in  acetic  acid,  trichlorpyrogallol  C,Cl^{OH),  is 
obtained,  and  may  be  crystallized  in  needles. 

18.  PhloroKlnelnol.— Phloroglucinol  1:8:5 C,f/,[Of/)„ 
also  known  as  phloroglucol,  is  isomeric  with  pyrogallol;  it 
was  first  obtained  from  a  glucoside  ca.l\cd  phlorigin,  existing 
in  the  bark  of  the  apple  tree.  It  is  formed  in  many  reac- 
tions, especially  when  rcsorcinol,  gum  kino,  dragon's  blood, 
and  other  resins  are  fused  with  potassium  hydrate. 
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Phloroglucinol  crystallizes  in  hard  rhombic  prisms  that 
have  a  very  sweet  taste.  It  dissolves  readily  in  water,  alco- 
hol, and  ether.  Its  aqueous  solution  is  neutral,  and  produces 
a  deep-violet  color  with  ferric  chloride.  Its  ethereal  solu- 
tion, evaporated  upon  a  microscope  slide,  deposits  prisms  in 
tangled,  tree-like  forms  that  are  very  characteristic.  The 
crystals  deposited  from  ether  are  anhydrous,  while  those 
formed  in  water  contain  2  molecules  of  water  of  crystalliza- 
tion, which  they  lose  at  about  100°.  The  dry  crystals  melt 
at  220°.  The  chemical  character  of  phloroglucinol  is  very 
peculiar.  While  in  many  respects  it  behaves  like  a  trihydric 
phenol — it  forms  salts  with  the  alkalies  and  a  triacetate  with 
acetyl  chloride — it  is  also  capable  of  reacting  like  a  triketone; 
with  hydroxyl  amine,  for  example,  it  yields  the  trioxime 
C^Hji^N'OH)^.  Such  bodies  that  react  as  if  they  belonged 
to  two  distinct  chemical  classes  are  said  to  be  tautomeric. 


QUINONES. 

19.  The  quinones  are  peculiar  compounds  that  in  some 
way  are  related  to  the  ketones.  The  simplest  example  of 
the  class  and  the  one  that  is  best  known,  is  called  quinone. 
Its  formula  is  CJJfi^y  and  it  appears,  therefore,  to  be  ben- 
zene in  which  2  hydrogen  atoms  are  replaced  by  2  oxygen 
atoms.  All  quinones  contain  the  group  {O'Cy^  and  bear 
the  same  relation  to  hydrocarbons  that  quinone  bears  to 
benzene,  and  they  must,  therefore,  be  regarded  as  oxidation 
products  of  the  hydrocarbons. 

20.  Quinone. — Quinone  C^HJ^O^^  which  is  also  known 
as  benzoquinone^  is  a  product  of  the  oxidation  of  quinic  acid, 
which  exists  in  cinchona  bark.  It  may  be  obtained  by  dis- 
tilling that  acid  with  a  mixture  of  manganese  dioxide  and 
sulphuric  acid.  The  mass  swells  up  and  disengages  vapors 
of  quinone,  which  condense  in  the  receiver  in  brilliant, 
golden-yellow  needles.  They  are  pressed  between  folds  of 
filter  paper,  and  purified  by  resublimation.  It  may  also  be 
obtained  by  heating  benzene  with  chromyl  chloride,  when 
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hjrdrodilaaic  acid  is  endyed  and  a  brown,  solid  compoand 
Ittodnced;  this  is  deccnnpoaed  hy  water,  with  the  formatioa 
of  qninone,  which  remains  diwcdved  in  the  exceM  of  benxene: 

Uany  benume  derivatives  alio  yield  qninone  when  oxi- 
dized. It  is  most  easily  prepared  by  oxidiring  aniline  with 
potassium  dichromate  uid  solphuric  add.  Qninooe  crystal- 
lizes in  long,  brilliant,  tranqiannit  needles  of  a  gcdden-yellow 
color.  ItmeltsatllS.T'toayeUow  liquid;  it  has  a  pnngent 
tear-exdting  odor,  and  dissolTes  glaringly  In  cold  water,  eanly 
in  hot  water,  and  also  in  alcohol  and  edier.  Its  solution  stuos 
the  skin  brown.  Quinone  acts  as  an  ozidiKing  agent,  liber- 
ating iodine  fitna  hydriodic  add,  and  beccMning  converted 
into  hydroquinone  CJHXOH)^^  which  ia  1 :  4  dihydrozy 
benzene. 

21.  In  many  reactions,  qnintMiebdisveslikeadiketmie; 
for  instance,  with  hydroxyl  amine  it  yieMs  boUi  a  monozime 

0:r.//'.:A^r'//andaclioxime  HO.N'.C,H,'.  N-OH.  The 
graphic  fonniila  shown  in  Fig.  J  has  therefore  been  proposed 


by  Fittig  for  quinone.  It  has  been  pointed  out,  however,  that, 
if  quinone  contains  true  ketone  groups,  it  should  yield,  when 
reduced,  a  secondary  alcohol  having  the  graphic  formula 
shown  in  Fig.  2,  instead  of  yielding,  as  is  actually  the  case,  the 
qnasi-tertiary  alcohol,  hydroquinone,  whose  graphic  formula 
is  seen  in   Fig.  3.      Moreover,  ^\'hen  substituted  qutnones 
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react  with  PCl^,  each  of  the  O  atoms  is  replaced  by  one  CI 
atom,  instead  of  by  two,  as  would  be  expected  if  the  O  were 
doubly  linked  to  carbon  as  shown  in  Fig.  1.  These  con- 
siderations led  Graebe  to  the  graphic  formula 
shown  in  Fig.  4.  That  the  oxygen  atoms  in 
quinone  occupy  the  1  :  4  position  is  shown  by 
its  easy  conversion  into  1  :  4  dihydroxy  benzene, 
and  by  the  fact  that  its  dioxime  yields  1  :  4 
diamidobenzene  when  reduced. 

22.     Ilydroqulnone . — Hydroquinone       ^^^'  ^ 

OH 
C^HXOH)^  is  formed  when  para-iodophenol  1:4  CJI^<j 

is  fused  with  potassium  hydrate ;  it  is  formed  more  readily 
by  the  action  of  reducing  agents,  such  as  nascent  hydrogen, 
hydriodic  acid,  or  sulphurous  acid,  on  quinone: 

It  is  also  found  among  the  products  of  the  dry  distillation 
of  quinic  acid.  Hydroquinone  crystallizes  in  6-sided  prisms 
that  fuse  at  IB^'^  and  sublime  in  monoclinic  tables,  so  that  it 
may  be  considered  dimorphous.  It  is  odorless  and  has  a 
sweetish  taste.  It  dissolves  in  17  parts  of  water  at  15°,  and 
is  very  soluble  in  alcohol  and  ether.  It  partially  decom- 
poses when  suddenly  heated.  When  its  vapor  is  passed 
through  a  tube  heated  to  redness,  it  breaks  up  into  quinone 
and  hydrogen.  Various  oxidizing  agents,  such  as  chlorine, 
ferric  chloride,  nitric  acid,  silver  nitrate,  and  potassium  dichro- 
mate,  convert  hydroquinone  into  fine  green  metallic  prisms 
oi  green  hydroquinone^  or  <jnin/iy drone,  CJ:f^O^'C^H^{OH)^^ 
which  may  also  be  obtained  by  mixing  aqueous  solutions  of 
quinone  and  hydroquinone.  This  beautiful  substance  is 
sparingly  soluble  in  cold  water,  but  dissolves  readily  in  hot 
water  to  a  reddish-brown  solution  that  deposits  splendid 
green  crystals  on  cooling.  It  dissolves  in  alcohol  and 
ether  with  a  yellow  color.  When  heated,  it  fuses  to  a  brown 
liquid,  and  partly  sublimes  in  green  plates,  the  remain- 
der decomposing  and  giving  the  yellow  crystalline  subli- 
mate, of  quinone.     On  boiling  its  aqueous  solution,  quinone 


added  in  excew,  ooarert  qoii 

fednda^  agents,  soch  as  siilpliunida  add,  ii«m  u  it  into 

lifdrDqidnoae.     H]rdn>qtiiiiooe  is  naod  ••  a  photagoftac 

developer, 

23.    Tetr»ehloroq«lBOB*. — TBtiacWcwiqiiinooe 

^«^^.(^J  isnsnaUykiKnniasnURramf/tidaiiaiiievasgtTeo 
toitbjr  Erdmaim,  who  first  obtained  this  body  fay  tiie  actkn 
of  (^orine  OD  indigD,  <rf  nhicSi  the  Ponngucse  namt  is 
ohH.  Chloninil  is  formed,  together  «ith  trichloroquiooDc 
C^Cl^iP^,  from  many  bentene  derivatives,  such  as  phcaol, 
aniline,  salicin,  isatine,  etc.,  by  tlic  action  o(  chlorine,  or  of 
potassiom  chlorate  andh7dT<:>chloric  acid.  Il  is  most  rcadiiy 
jsepared  by  gradually  adding  a  mixture  of  1  pari  of  crvstal' 
lized  phenol,  and  4  parts  of  fnlsMliira  cUonte  to  hydro- 
chloric acid  diluted  with  an  equal  Tohtme  of  water,  and 
slowly  heating  the  liquid.  Red  crystals  then  separate, 
which,  on  further  addition  of  potassium  chlorate,  are  con- 
verted into  a  yellow  mixture  of  trichloroquinone  and  tetra- 
chloroquinonc.  To  separate  these  compounds,  they  are 
converted  by  sidphiirous  acid  into  the  correspond  in  jf  chloro- 
hydroquinoncs.  The  tetrachloro-hydroquinone  CjCl^{OH\ 
is  insoluble  in  water,  while  the  trichioro-hydroquinone 
C,f-ICl,{OlI),  dJKsnlvcs.  The  former  is  then  oxidized  by 
strong  nitric  acid,  which  con\'erts  it  into  chloranil.  This 
body,  which  is  used  in  color  malcing,  is  insoluble  in  water, 
and  only  sparingly  soluble  in  alcohol,  and  it  dissolves  in 
ether  and  benzene;  from  the  latter  two  liquids  it  is  deposited 
in  },'ol  den -yellow  sbininp  crj-stals.  It  is  unattacked  by  even 
concentrate  acids.  It  dissolves  with  a  purple-red  color  in 
potash,  and  yields  purple  crj'Stals  of  potassium  chloranilate: 
C\ap,-\'\KO}{  =  2Ka-\-'i,Hfi+C,Cl,{0K),0^ 


Potassium  chloranilate  is  only  sparingly  soluble  in  water, 
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but  if  dilute  hydrochloric  acid  is  added  these  crystals  dis- 
solve, and  chloranilic  acid  C\CiJ{^OH)^O^^Aq  separates  out  in 
reddish  shining  needles.  Brovianil  CJ^rjO^  has  also  been 
obtained  from  phenol. 

CO 
2t4t.    Anthraqulnone. — Anthraquinone  CJI^<^q>C\H^ 

is  prepared  by  dissolving  anthracene  C\Jf^^  in  glacial  acetic 
acid,  and  adding  chromic  anhydride  to  the  hot  solution; 
then,  on  adding  water,  the  anthraquinone  is  precipitated, 
and  may  be  purified  by  sublimation.  Anthraquinone  forms 
rhombic  crystals  and  does  not  possess  the  odor  of  quinone. 
It  sublimes  in  yellow  needles,  is  insoluble  in  water,  but 
slightly  soluble  in  alcohol  and  ether.  It  is  an  extremely 
stable  compound,  resisting  the  action  of  alcoholic  potash  and 
all  oxidizing  agents.  Melted  with  solid  potassium  hydrate, 
it  yields  potassium  bcnzoate,  as  is  seen  from  the  subjoined 
equation : 

C,H^<^^>Cjr^  +  2K0II  =  2C\//,'C00K 

anthraquinone  potassium  bcnzoate 

Reducing  agents  convert  it  into  the  secondary  alcohols, 
oxanthranol,  or  hydroxy  anthranol,  C,,//,,/^,  and  anthranol 
C^JJ^fiy  and,  finally,  into  anthracene  C^JI^^.  These  changes 
may  be  represented  thus: 

oxanthranol 
anthranol 

C 12 —  CM 

anthracene 

Hence,  anthraquinone  is  more  nearly  a  true  diketone  than 
is  benzoquinone.     When  heated  with  zinc  dust,   it    yields 


8W 


A  gicat  laaaj  dmvativ««  Ot  anUiraqainoiie 
Have  been  pi^wed.  Amoiic  tin  best  ktiowii  are  the 
faydroKyl  deIivatiTel^  aoaie  of  irtiidi  an  mtich  pAuA  dyes 
and  fnannfactnred  on  a  -nrj  estenme  scale. 


CJiXCOuC^,{.0H)^  or 
JSkjdrtxy  mMiunaqmhume^  b  the  name  qpfdied  to  the  color- 
ing sufaatance  of  niaddei;  Uie  not  of  JEiiKt  tiMtorum,  which 
Robiqaet  was  tlie  fiisi  to  extract  in  the  pure  state.  Graebe 
and  Uebennann  made  its  synthesis  in  1^63  by  beating 
dibnun  anthiaqninoae  to  -2O0^  K-ith  poussium  liydrate: 

ditatNIi  aDthraquioone 

=5  %KBr-k^  C,HS.CO)jOJiXOH\ 
alusrine 
Alixaiine  does  not  exist  already  formed  in  the  madder 
plant,  bnt  the  latter  contains  a  glucosidc,  to  whkb  Robi<|iiet 
has  given  the  name  rm&irythrU  aci<i,  that  undeigoes  hydrol- 
ysis when  acted  on  by  acids  or  when  allowed  to  ferment,  and 
thus  is  converted  into  alizarine  and  glucose,  as  Is  seen  from 
the  equation ; 

rube^nhric  alUarin*        glucose 

26.  Alizarine  may  be  extracted  from  madder  by  boiling 
the  latter  with  a  solution  of  alum.  The  filtered  liquid,  if 
left  standing  for  some  days,  deposits  impure  alizarine  as  a 
brown-red  precipitate,  and  holds  in  solution  another  coloring 
matter  that  is  known  as/z/r/wrfw.  The  precipitated  alizarine 
is  then  filtered  off  and  purified  by  washing  with  dilute  hydro- 
chloric acid  and  by  dissolving  in  alcohol  and  crystallizing  it 
therefrom.  These  crystals  are  again  treated  with  a  boiling 
solution  of  alum,  in  order  to  remove  any  traces  of  purpurin 
that  might  have  been  precipitated  with  the  alizarine,  and 
finally  dissolved  in  ether,  which  again  deposits  it  in  pure 
crj-stals. 

Alizarine  is  now  exclusively  prepared  on  a  large  scale 
from    anthracene.      This    hydrocarbon   is    converted    into 
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anthraquinone,  and  the  latter  body  treated  with  fuming  sul- 
phuric acid,  to  convert  it  into  anthraquinone  sulphonic  acid 
The  sodium  salt  of  this  acid,  sodium  anthraquinone  sul- 
phonate,  is  fused  with  sodium  hydrate,  and  a  small  quantity 
of  potassium  chlorate  is  added  to  the  fused  mass. 

C,HXCO),C,H^'SO,Na  +  dNaOH+  (9, 

sodium  anthraquinone 
sulphonate 

=  C,HiCO),C,HX0Na\  +  Na,SO, + 'iHfi 

sodium  alizarate 

The  sodium  alizarate  is  dissolved  in  water,  precipitated  by 
hydrochloric  acid,  and  the  precipitate  purified  by  crystalliza- 
tion from  toluene,  and,  finally,  by  sublimation. 

Alizarine  crystallizes  in  long,  brilliant,  orange-yellow 
prisms  with  3  molecules  of  water.  It  is  very  sparingly 
soluble  in  cold  water,  more  readily  in  boiling  water,  and 
easily  dissolves  in  alcohol  and  ether.  It  fuses  at  about 
275'^,  and  may  be  sublimed.  It  dissolves  in  strong  sul- 
phurous acid  with  a  deep-red  color,  and  is  precipitated  by 
water.  It  acts  like  a  dibasic  acid,  dissolving  in  alkalies  to 
purple  solutions  that  give  purple-blue  precipitates  with  salts 
of  barium  and  calcium.  The  insolubility  and  the  brilliant 
colors  of  the  alizarates  are  of  great  value  in  dyeing  and  calico 
printing.  Alizarine  gives  red  precipitates  (technically  known 
as  madder  lakes)  with  salts  of  tin  and  aluminum,  and  a  dark 
violet  with  salts  of  iron. 

27.  Purpupln.— Purpurin  C,HXCO)^C,H{OH)^  is 
another  coloring  matter  that  maybe  extracted  from  madder, 
and  has  been  mentioned  in  Art.  26.  It  appears,  like  aliza- 
rine, to  exist  in  the  plant  as  a  glucoside,  and  may  be  sepa- 
rated from  alizarine  by  boiling  with  alum,  which  only 
dissolves  the  purpurin.  Purpurin  also  dissolves  readily  in 
alcohol  and  ether,  producing  red  solutions.  It  crystallizes 
from  weak  alcoholic  solutions  in  orange-colored  needles 
with  1  molecule  of  water  of  crystallization,  while  from  abso- 
lute alcohol  it  deposits  in  red  anhydrous  needles.  It  melts 
at  about  254°.  and  sublimes  in  red  needles.      Purpurin  is 


!  or  1:S:4  liilijiliriiij'MilhinriBiMi  .It  m^ 
also  be  obtnned  far  tai^uag  ttataal  aBmdat  in&  MuO, 
anAH^O^  It  ttndeisoes  a  ooa^kte  ndadicn,  and  is  can- 
TBrted  into  Mitiinwais  trivn  BMrtad  vita  noc  dMit> 

Isomeric  with  puipuriii  is  Jbwtfmrfmrim  wmA.  mmtkrmfmr' 
furm  CJf,OH{CO),-CJtJiqH)^  both  of  vUdi  am  ocn- 


Tcaenibles  alizarine,  bat  it  foes  at  a  Uglier  I 
(330°),  and  is  more  aoloble  inmter.  Tkeeolonof  its  metal- 
He  salts  are  far  more  brilUant  tlian  flwae  eC  tihe  afisaratea,  so 
that  their  preaenoe  in  commercial  aUsaiiae^  ndieii  used  as  a 
dye,  is  rattier  of  advantage  Aan  iHafnwft  vlaTOpuipiuin 
crystallizes  in  gidden  needles  flwt  in  aalBblB  in  alooboL 


28.  These  compounds  indadetiMgfasterBamfaerirfdw 
oolois  commonly  known  as  ttmitime  ^a.  It  is,  of  eomse, 
imposffible  to  treat  all  the  aniline  dy«s  and  thetr  ntRnofactore 

here,  and  for  information  as  to  the  chemical  constitution  of 
less  important  dyes,  the  student  must  consult  a  work  on 
aniline  dyes  or  dyestuffs.  Although  these  compounds  are 
amido  or  hydroxyl  derivatives,  consideration  of  them  has 
been  postponed  until  quinone  has  heen  described,  on  acconnt 
of  the  fact  that  these  dyestuffs  contain  a  benzene  nucleus  to 
which  other  groups  are  attached  in  a  manner  similar  to  that 
in  which  the  oxygen  atoms  of  quinone  are  attached  to  the 
benzene  ring— a  fonnation  that  is  generally  known  as  gut- 
nonoid  struclure.  The  parent  substance  of  the  aniline 
tlycs,  triphcnyl  viethanc  CH(CJI^„  has  been  described  in 
Art.  109,  Organic  Chemistry,  Part  1.  When  a  solution  of 
this  compound  in  acetic  acid  is  oxidized  by  chromic  acid, 
it  yields  triphoiyl  carbinol  {C^H^)^C-Off,  a  tertiary  alcohol 
that  crystallizes  in  prisms  and  melts  at  159°. 

39.  When  three  amido  groups  or  three  hydroxyl  groups 
are  introduced  into  tn'phcnyl  methane,  compounds  are  pro- 
duced that  arc  colorless,  but  readily  become  colored  when 
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oxidized  and  treated  with  an  acid.  For  example,  triamido- 
triphenyl  methane  6W(C,//^A^//J,is  a  colorless  substance; 
when  oxidized  it  becomes  triamido-tri phenyl  carbinol 
C{OH){C^H^NH^)^^  which  is  also  a  colorless  substance,  and 
yields  colorless  salts  when  treated  with  cold  acids,  but 
colored  salts  when  treated  with  warm  acids.  The  latter 
salts  are  dyestuffs;  they  arc  formed  from  the  carbinol 
with  the  loss  of  1  molecule  of  water,  and,  since  the  only 
oxygen  in  the  carbinol  is  that  of  the  alcoholic  gjoup  OH^ 
it  must  be  supposed  that  this  group  forms  water  with  the 
hydrogen  of  the  acid.  The  loss  of  the  OH  group  entails 
the  conversion  of  the  ordinary  benzene  linking  of  one  of 
the  benzene  rings  into  the  quinonoid  linking,  the  change 
being  accompanied  by  a  development  of  color,  just  as 
the  conversion  of  the  ordinary  linking  of  the  colorless 
hydroquinone  (see  Fig.  3)  into  the  quinonoid  linking  of 
quinonc  (see  Fig.  1)  develops  a  color,  IIOC^H^'OH  becom- 
ing O :  C,H^ :  O,  The  following  equation  will  make  this 
change  clearer: 

HCl,NH,-C,H,-C\OH){C,ir,NHX 

triamido-triphenyl-carbinol 
hydrochloride  (colorless) 

=  ClNir^ :  C,//, :  C{C,//, ■  A^//,).  +  //,<? 

pararosaniline  chloride 
(colored  salt) 

30.  The  foregoing  reactions  are  typical  of  the  behavior 
of  every  triphenyl-methane  dyestuff;  that  is  to  Siiy,  each 
may  be  obtained  by  oxidizing  a  derivative  of  triphenyl 
methane  and  treating  the  product  with  a  warm  acid.  The 
parent  triphenyl-methane  derivative  is  called  the  Uuco-base 
of  the  dyestuff;  the  carbinol  into  which  it  is  converted  by 
oxidation  is  called  the  color  base  of  the  dyestuff,  while  the 
colored  salt  is  the  dyestuff  itself.  Thus,  triamido-triphenyl 
methane  is  called  Icuco-pararosaniline ;  triamido-triphenyl 
carbinol  is  the  pararosaniline  base;  while  the  colored  salt  with 
the  quinonoid  linking  is  pararosaniline  chloride.  The  con- 
verse changes  are  possible ;  that  is  to  say,  by  treating  the  dye- 
stuff  with  a  caustic  alkali,  the  colorless  base  is  precipitated, 


and,  if  this  is  treated  with  a  ndodng  agent  (aMoeat  Iqrdto- 
geo,  for  inotaiKs),  it  3rielda  the  leoco-baflb    - 

81>    daaaUleatUm  ta  Trtpliwiyl-ltethwe  Djestuflh. 

The  tiipbenyl-metbane  dyestnffs  arc  -*"■'*'—*  into  deriva- 
tives  of: 

1.  Diamido-triphenyl  metiiaiiB  CJI^'CH{CJI^-NH^; 
Uie  type  ol  these  is  malachitt  gretm, 

2.  Triamido-tripheayl  methane  Cinf^^^-NH^^\  the 
type  of  these  is  rosanilme  (nugtonta)! 

3.  Tiihydroxyl-triphenyl  nwtiiane  CH(CJI^'OH)^\  the 
type  of  these  is  aurine. 

4.  CH{C^H^JiC^H^CO,H),  or  trifdien^-methane  car- 
boxylic  add;  the  type  of  tlMse  is  eosm. 

88.  Htfaohlte  Gn>m.— Malachite  gieen  is  tttrmmtthyl 
1 :  i  dtatrndo-tripkenyl'Mtikane  cktthJe 

The  leuco-base  of  this  dyestnff  is  prepared  by'  heating  henz- 

aldehyde  with  dimethyl  aniline  and  zinc  chloride  (the  latter 
compound  to  act  as  a  dehydrating  agent) : 

C,f/^CffO  +  ZC,N^JV{C//X 

The  Icuco-base  is  oxidized  by  PbO^  (when  it  yields  the  cor- 
responding carbinol  or  color  base;  see  Art  30),  In  the  pres- 
ence of  I/Cf  {to  produce  the  color  salt).  The  dyestuff  is 
then  precipitated  by  zinc  chloride  and  sold  in  the  fonn  of  a 

double  zinc  salt. 

33.  Rosanlllne  Salts. — Rosaniline  salts  constitute  the 
bulk  of  the  dyestuff  known  as  magenla  (fuchsine).  They 
are  formed  by  the  action  of  acids  on  a  rosaniline  base,  which 

is  triamido-tolyl-diphenyl  carbinol 

NIi,-C,-H,(CH,)-C{OH)(C,H,-NHX 
The    chloride    C!NH,iC,H,{CH,):C\C,H,-NHX,    nitrate, 
and  acetate  are  the  salts  most  frequently  used  in  commerce. 
They  are  prepared  by  heating  aniline   oil,  which  should 


§  15  ORGANIC  CHEMISTRY.  23 

contain  equal  molecular  proportions  of  aniline,  orthotolui- 
dinc,  and  paratoluidine,  with  an  oxidizing  agent,  for  which 
purpose  either  arsenic  acid  or  nitrobenzene  is  generally 
used. 

aniline  oil* 

triamido-tolyl-diphcnyl  carbinol 

The  rosaniline  base  obtained  in  this  way  is  converted  into 
the  chloride  by  adding  hydrochloric  acid,  and  this  salt  is  pre- 
cipitated by  adding  sodium  chloride.  When  recrystallized, 
rosaniline  salts  form  bronze-green  crystals  that  arc  sparingly 
soluble  in  cold  water,  but  more  readily  in  hot  water,  forming  a 
red  solution.  When  the  hot  solution  is  mixed  with  ammonia 
and  filtered  quickly,  the  rosaniline  base  crystallizes  from  the 
filtrate  in  colorless  plates,  which  become  red  when  exposed 
to  the  air,  from  the  absorption  of  CO^,  Reducing  agents 
bleach  the  red  solution  with  formation  of  Icucoaniline 
NH^'C.HJ^CH;)  '  CH{C,H^'NIQ^,  the  leuco-base  of  rosaniline. 

34.  Pararosanilinc  C(  OH)  ( C^/f^  •  AW,) j,  or  triamido- 
triphenyl  carbinol^  is  prepared  by  oxidizing  a  mixture  of  para- 
toluidine (I  molecule)  and  aniline  (2  molecules)  in  the  same 
way  as  was  described  for  rosaniline.  The  salts  are  red  dyestuffs 
like  those  of  rosaniline.  Many  derivatives  of  pararosanilinc 
and  rosaniline  containing  methyl,  ethyl,  and  phenyl  groups, 
in  place  of  the  amido-hydrogen  atoms,  are  prepared  by  heat- 
ing pararosanilinc  or  rosaniline  hydrochloride  with  alkyl  or 
phenyl  halides;  these  are  also  used  as  dyestuffs,  the  shades 
produced  by  them  becoming  more  blue  as  successive  alkyl  or 
phenyl  groups  are  introduced.  Thus,  peniamethyl  pararos- 
aniline  is  known  as  methyl  violet^  and  triphcnyl-rosaniliiie 
chloride  is  known  as  aniline  blue.  The  combination  of  hexa- 
methyl  rosaniline  (which  is  saturated  with  methyl  groups) 

♦Aniline  oil  contains  a  mixture  of  equal  molecular  proportions  of 
aniline,  ortho-,  and  para-toluidine. 
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with  methyl  chloride  or  iodide  produoes  a  green  dyestuff 
known  as  iodine  green. 

35.  Aurlne. — When  a  pararosaniline  base  is  diazotized, 
the  three  NH^  groups  are  converted  into  diaso  groups,  and 
when  the  resulting  compound  is  boiled  with  water,  it  yields 
irihydroxyl-triphenyl  carbinol  (  C^H^  •  OH)JC^  OH.  This  is  a 
rather  unstable  compound  that  readily  loses  1  molecule  of 
water,  becoming  aurine  O :  C^H^ :  C{jCJtflH\.  It  crystal- 
lizes in  green  needles  that  dissolve  in  alkalies  to  a  red  solution, 
but  are  precipitated  again  by  acid&  Thus^  aurine  behaves 
as  an  acid  substance,  as,  indeed,  is  to  be  anticipated,  from 
the  presence  of  phenolic  ^/T  groups.  It  may  be  mentioned 
that,  while  pararosaniline  is  a  type  of  basic  dyestuflte  tending 
to  combine  with  acid  mordants^  aurine  is  a  type  of  add  dye- 
8tu£Es  tending  to  combine  vrith  basic  mordants. 

36.  Xiosin.  —  Triphenyl -methane  carbozylic  add  (see 
Art.  31),  or  rather  its  hydroxyl  derivative,  triphenyl  car- 
binol 1 : 2  carboxylic  acid  {C,H^^{C,H^COOH)C' OH,  gives 
rise  to  the  dyestuffs  of  this  class.    Phtlialoplunone  is  the  anhy- 

CiC  M  \ 

dridc  of  this  latter  acid,  its  formula  being  CJi^<      Jt ^     >0, 

and  it  is  prepared  by  the  interaction  of  phthalic  chloride 
with  benzene  in  the  presence  of  Al^Cl^i 

phtlialic  chloride    benzene  phthalophenone 

It  yields  triphenyl-inethane  carboxylic  acid  when  reduced. 
By  substituting  phthalic  anhydride  for  the  chloride,  and 
hydroxyl  benzenes  for  benzene  in  this  reaction,  the  eosin 
dyestuffs  are  obtained.  Thus,  phcfiol phthalcin  (dihydroxyl 
phthalophenone)  is  obtained  when  phthalic  anhydride  is 
heated  with  two  molecular  proportions  of  phenol  in  the 
presence  of  a  dehydrating  agent: 

phthalic  anhydride     phenol  phenol  phthalein 
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The  mass  is  dissolved  in  an  alkali  solution,  and  the  phenol 
phthalein  precipitated  by  an  acid.  Its  alkaline  salts  are  pink 
in  solution,  and  being  derived  by  the  displacement  of  hydro- 
gen from  the  phenolic  hydroxyl,  are  decomposed  by  the 
feeblest  acid,  so  that  phenol  phthalein  is  a  very  useful  sub- 
stance as  an  indicator  in  acidimetry ;  but  it  can  hardly  claim 
to  be  a  dyestuff . 

37.  Fluorescein  C,H^<^^^'^'^^"^''^\o  is  obtained 

when  phthalic  anhydride  is  heated  with  resorcinol,  2  mole- 
cules of  water  being  liberated.  It  forms  red  crystals  and 
dissolves  in  dilute  alkalier,  giving  a  red  solution  with  a 
green  fluorescence;  this  is  also  noticeable  on  the  dyed 
material,  hence  the  dyestuff  is  frequently  mixed  with  others 
for  producing  a  fluorescent  green. 

38.  Eosin  itself  is  a  tetrabromo  derivative  of  fluorescein, 
and  is  made  by  brominating  the  latter  in  an  acetic-acid  solu- 
tion. It  dissolves  in  alkalies,  giving  a  deep-red  solution 
that  fluoresces  green  when  diluted. 


CARBOHYDRATES. 

39.  Among  the  more  widely  distributed  products  of  the 
vegetable  kingdom  must  be  included  the  various  kinds  of 
sugar,  starch,  gum,  and  the  matter  of  young  vegetable  cells, 
or  cellulose. 

These  compounds  contain  carbon,  hydrogen,  and  oxygen 
in  such  proportions  that  the  oxygen  is  present  in  exactly 
sufficient  quantity  to  form  water  with  the  hydrogen.  Their 
composition  is  then  expressed  by  the  general  formula 
CJJJJO)^.  If  all  the  oxygen  and  hydrogen  were  removed 
in  the  form  of  water,  only  carbon  would  remain,  hence  the 
name  carbohydrates^  or  hydraied  carbons.  The  carbohy- 
drates may  be  suitably  divided  into  two  classes:  (1)  the 
sugars  and  (2)  the  starches  and  celluloses. 
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SUGARS. 

40.  The  sugars  may  be  subdivided  into  glucoses^  nwno- 
saccharides^  or  vionoscs,  having  the  general  formula  C^(/f^O),^ 
and  disaccharides,  or  sucroses,  or  dioses,  having  the  general 
formula  C,(//,0^,.  Hydrolysis  resolves  the  sugars  of  the 
second  class  into  those  of  the  first  class.  The  type  of  the 
sugars  of  the  glucoses  is  grape  sugar,  and  that  of  the  disac- 
charides  is  cane  sugar.  Since  the  sugars  contain  asymmetric 
carbon  atoms,  they  give  rise  to  a  large  number  of  stereo- 
isrjmcrides. 

GLUCOSE-S  OR  MOXOSACCnARIBES. 

41.  The  glucoses  are  the  simplest  carbohydrates.  Those 
that  arc  best  known  have  the  composition  C,//,,C7,,  and 
are  related  to  the  hexatomic  alcohols,  sorbite  and  mannite 
CJI^(OII)^.  There  are,  however,  simpler  ones,  such  as 
arabinosc  CJI^fi^^  erythrose  C^Hfi^^  etc.;  and,  again,  some 
are  more  complex,  as,  for  instance,  hcptose  C^H^jO^  and 
octosc  CJf^fi^.  The  monosaccharides,  therefore,  fall  into 
classes  that  are  called  tr loses,  tciroscs^  pentoses^  hcxoscs, 
luptoscs,  etc.  accordini^-  to  the  ninnber  of  oxygen  atoms 
contained  in  tlieni.  Constitutionally,  thev  are  either  aide- 
Jiydc  ^?A7V/<V.s  conlaininj^  the  group  'CH(OH)'CHO  ov  kctofie 
alcoJiols  containing-  the  gn^up  'CO-CH^'OH. 

4  w.     Triosos  and  Tetroses. — Glyccrose  CJifi^  deserves 

special  mention  as  l)eing  the  simplest  member  of  the  niono- 
saecliarides,  and  as  having  been  obtained  synthetically.  It  is 
formed  ])y  treating  glycerine  with  oxidizing  agents,  such  as 
sodium  liydrate  and  bromine.  It  is  a  syrupy  liquid  that  under- 
goes fermentation  and  reduces  alkaline  solutions  of  copper 
salts,  thus  acting  like  many  <;f  the  sugars,  as  will  be  seen  fur- 
ther (»n.  lirythrost  C  J 1 ,0  ^  has  been  obtained  from  erythrite 
in  the  same  way  tliat  glycerose  is  obtained  from  glycerine. 

4.^^.  Pentoses.  —  These  are  the  lowest  well  known 
members  of  the  monosaccharides;   they  are  natural  sugai*s 
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occurring  in  various  plants.  Arabinosc  CJJ^jO^  is  obtained 
from  cherry  gum  by  boiling  it  with  dilute  sulphuric  acid. 
It  crystallizes  in  prisms,  has  a  sweet  taste,  and  is  strongly 
dextrorotary.  Xylose  C^H^fi^  is  obtained  from  wood  gum 
by  boiling  it  with  dilute  acids.  Rhamnosc  CJI^fi^  has  been 
obtained  by  decomposing  a  number  of  natural  substances, 
such  as  quercitrin,  etc.  It  has  been  shown  to  be  a  methyl 
derivative  of  a  pentose,  and  is,  therefore,  more  correctly 
represented  by  the  formula  CH^-CJIfi^, 

44.  Hex  OSes. — These  are  the  compounds  generally 
cs^'^  glucoses.  They  are  widely  distributed  in  nature,  but 
are  mainly  found  in  unripe  fruit,  the  chief  compounds  being 
dextrose  (grape  sugar)  and  levulose  (fruit  sugar).  They  are 
produced  by  the  hydrolysis  of  the  disaccharides  and  poly- 
saccharides, the  change  being  effected  mostly  by  either  dilute 
acids  or  alkalies. 

45.  Grape  sugar,  or  glucose  (formerly  called  dextrose), 
CH^OH{CHOII)^'CIIO  is  the  crystallized  sugar  found  in 
honey,  raisins,  and  many  other  fruits;  it  is  nearly  always 
accompanied  by  levulose,  which  is  far  more  difficult  to  crys- 
tallize,  and  which  is  metameric  with  it.  Dextrose  is  also 
found  in  small  quantities  in  several  animal  fluids,  and  in  the 
liver,  and  is  always  present  in  diabetic  urine.  Glucose  may 
be  obtained  from  honey  by  mixing  it  with  cold  alcohol  to 
dissolve  the  levulose,  which  forms  about  one-third  of  its 
weight,  and  leaves  about  an  equal  quantity  of  dextrose, 
which  may  b3  dissolved  in  boiling  alcohol  and  crj^stallized 
therefrom.  To  extract  grape  sugar  from  fruits,  thCvSe  are 
crushed  with  water  and  strained,  and  the  liquid  is  then 
boiled  to  coagulate  the  albumin,  filtered,  evaporated  to  a 
syrup,  and  set  aside  for  some  days,  when  crj-stals  of  glucose 
are  deposited.'  Fresh  fruits  contain  chiefly  levulose,  which, 
however,  is  gradually  converted  into  glucose. 

46.  Glucose  ManiifactiiTC. — In  this  country,  glucose  is 
prepared  on  the  large  scale  from  com  starch,  and  in  Germany 


from  potato  starch,  the  transformation  being  usuallj  effected 
by  boiling  with  dilute  sulphuric  acid.  The  excess  of  acid  is 
removed  by  treating  the  solution  with  chalk,  and  filtering. 
The  filtered  solutions  are  evaporated  down,  either  to  a  syrupy 
consistency  and  sent  into  the  market  as  "glucose,"  *"mixing 
sjrmp,"  etc.,  or  to  dryness,  the  solid  product  being  know-n  in 
commerce  as  "grape  sugar."  By  evaporating  the  solutions 
down  to  such  a  concentration  that  they  contain  from  12  to  15 
per  cent,  glucose,  crystals  arc  formed  that  closely  resemble 
those  of  cane  sugar.  They  consist  of  anhvdrous  grape  sugar; 
their  formation  is  facilitated  by  adding  a  little  of  the  crystal- 
lized  substance  to  the  concentrated  solutions.  If,  in  the 
treatment  of  starch  with  sulphuric  acid,  the  transformation 
is  not  complete — and  this  is  usually  the  case — the  product 
will  be  a  mixture  of  glucose,  maltose,  and  dextrin.  The 
loi^r  the  action  continues,  the  larger  the  percentage  of 
glucose. 

Glucose  crystallizes  from  concentrated  solutions  in  small, 
white,  rounded  masses  with  1  molecule  of  water  of  enstal- 
lization.  The  mass  as  seen  in  commercial  "granulated 
grape  ,'iugar"  looks  very  much  like  ordinary  granulated 
sugar.  These  crjstals  remain  unchanged  in  the  air,  but 
melt  when  heated  on  the  water  bath,  and  at  100"  lose  their 
water  of  crystallization.  Anhydrous  glucose  deposited  from 
alcoholic  solutions  melts  at  HC,  Glucose  dissolves  in  about 
its  own  weight  of  water  at  17°.  It  is  one-third  as  soluble  as 
cane  sugar,  and,  in  solutions  of  equal  concentration,  is  about 
one-third  as  sweet.  It  is  much  less  soluble  in  alcohol  than  in 
water,  I  ts  solutions  turn  the  plane  of  polarization  to  the  right, 
and  the  deviation  varies  with  the  strength  of  the  solution. 
When  heated  tolTO",  glucose  loses  the  elements  of  water  and 
its  sweetness,  and  is  converted  into  a  colorless  mass  known 
a.Agliicosaii: 

Klncose  glucosan 

Glucose  forms  true  compoundswith  metals  and  salts;  among 
the  better  known  compounds  may  be  mentioned  sodium  glu- 
cose C,M„0,Na,sodiian-chloridcgliicose2C,H^,0,-NaCl.H,0. 
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and  calcium  glucose  CJI^^OJiaJI^O,  K  potassium  hydrate 
is  added  to  a  solution  of  glucose,  and  the  liquid  heated,  it 
first  becomes  yellow,  and  then  rapidly  assumes  a  deep-brown 
color.  The  same  color  is  produced  when  glucose  is  heated 
with  either  calcium  or  barium  hydrate.  As  ordinary  cane 
sugar  does  not  produce  this  reaction,  this  may  serve  as  an 
easy  means  to  distinguish  between  glucose  and  cane  sugar. 
Glucose  reduces  various  mclallic  solutions.  Gold  and  silver 
are  precipitated  by  it  from  their  solutions  If  a  solution  of 
cupric  sulphate  is  poured  into  a  solution  of  glucose,  and 
potassium  or  sodium  hydrate  is  added,  no  precipitate  is 
formed,  but  the  liquid  acquires  a  dark-blue  color.  On  heat- 
ing, a  red  precipitate  of  cuprous  oxide  is  formed  (see  Art. 
78,  Qualitative  Analysis,  Part  2).  Glucose  is  much  used 
by  brewers  and  distillers  for  making  alcohol,  as  well  as  by 
confectioners;  dyers  use  it  to  reduce  indigo. 

47.  Lnmlose  Cn,Olf{CHOH),'COCH^OH,  or  fntit 
sugar y  is  distinguished  from  glucose  by  turning  the  plane  of 
l>()larization  to  the  left.  It  cx:curs,  together  with  glucose,  in 
honey,  many  fruits,  and  various  other  substances.  The 
mixture  of  equal  parts  of  glucose  and  levulose  constitutes 
invert  sugar ^  which  is  Icvorotary,  l)ecause  the  specific  rotary 
power  of  levulose,  at  ordinary  temperature,  is  greater  than 
that  of  glucose. 

Cane  sugar  may  be  inverted,  that  is,  transformed  into  a 
mixture  of  equal  parts  of  glucose  and  levulose,  by  gently 
warming  with  dilute  acids: 

cjf„o„^H^o  =  cjr^,o,-\-c^H,,o, 

cane  sugar  glucose         levulose 

The  same  reaction  is  brought  about  by  contact  with  yeast, 
or  when  a  solution  of  cane  sugar  is  allowed  to  stand  for  some 
time.  To  separate  the  levulose,  the  invert  sugar  obtained 
from  10  grams  of  cane  sugar  is  mixed  with  G  grams  of  slaked 
lime  and  100  cubic  centimeters  of  water,  whereby  a  solid  cal- 
cium compound  of  levulose  is  formed,  while  the  whole  of 
the  glucose  remains  in  solution  and  may  bj  readily  sepa- 
rated from  the  precipitate.     The  calcium  salt  of  levulose. 
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saspended  in  water  and  decompoaed  ij  CO^  yields  a  Btdntioo 
of  pure  levuloae,  which  may  tw  fflteted  and  oonoetitrated  bf 
evaporation. 

Levnlose  is  much  aweeter  than  glncoae,  rivaling  one 
angar  in  this  req>ect.  It  does  not  fennent  as  readily  a> 
glucose,  so  l^t,  when  invert  sogar  is  mixed  with  jreast,  the 
glucose  is  the  first  to  disappear.  It  also  mdncea  "IfrsHw 
capric  solutions  (Febling's  scdntiaB)  leat  r^idly.  Levuloae 
rotates  the  plane  of  polarintion  to  the  left — ^wbence  its 
name — ^but  a  dextro  and  an  inaetlve  lemloae  also  exist 
When  heated  to  170%  levuloae  loiies  1  motaento  of  water,  and 
is  converted  into  levulosam  : 

levttloM        toraloaaa 
This  compound  is  dextrorotaiy. 

48.  Galaetost  CH,0H-\CH-0H)jCHO  is  prodneed, 
together  with  glucose,  by  Ixriling  milk  Sogar  with  dilute 

gulphuric  acid.  It  is  soluble  in  water,  but  sparingly  soluble 
in  cold  alcohol;  it  cr>'stallize5  in  rhombic  prisms  that  are 
less  sweet  than  cane  sugar,  and  melts  at  163°.  It  has  a 
dextrorotary  power,  and  is  very  eaaly  fermentable.  It 
resembles  glucose  in  most  of  its  reactions. 

49.  Mannose  CH,-  OH{CH-  OH)^CHOh.  another  stereo- 
isomerism of  glucose.  It  was  first  obtained  as  a  product  of 
the  oxidation  of  mannitol.  It  has  since  been  observed  among 
the  substances  that  result  from  the  hydrolysis  of  certain 
naturally  occurring  carbohydrates,  such  as  reserve  cellulose. 
^tanllOse  forms  friable  masses  that  are  very  soluble  in  water, 
difficultly  soluble  in  alcohol,  and  insoluble  in  ether.  It  is 
dextrorotary  and  fermentable  with  yeast 

50.  Sorbinose  CH,OH(CHOH),-C0-CH,-OH  is  crys- 
tallized  from  the  juice  of  the  mountain-ash  berry,  after  it 
has  been  allowed  to  ferment.     It  is  levorotary,  and  ferments 

only  slowly  with  yeast. 


g  15  ORGANIC  CHEMISTRY.  31 

DISACCIIARIDES. 

51.  The  members  of  this  class  of  sugars  are  character- 
ized by  being  converted  by  hydrolysis  into  2  molecules  of 
glucose;  hence,  the  name  bioscs  is  given  to  this  class  of 
compounds, 

52.  Cane  Sugrar. — Cane  sugar  C^^H^^O^^^  also  known  as 
saccharose^  or  sucrose^  is  not  only  found  in  sugar  cane,  but  is 
found  widely  distributed  in  nature.  It  occurs  in  sorghum, 
the  Java  palm,  the  sugar  maple,  beets,  madder  roots,  coffee, 
walnuts,  sweet  and  bitter  almonds,  in  the  blossoms  of  many 
plants,  in  honey,  etc.  It  is  mainly  obtained  from  sugar 
cane  and  white-beet  roots,  the  former  containing  about 
18  per  cent,  and  the  latter  between  13  and  18  per  cent,  of 
sugar,  varying  according  to  climate,  soil,  and  cultivation. 
As  the  manufacture  of  sugar  from  beet  roots  is  a  compara- 
tively new  industry  in  the  United  States,  but  one  that 
promises  to  assume  enormous  proportions,  it  is  deemed 
appropriate  to  describe  here  the  process  of  extracting  the 
sugar. 

The  beets,  after  reaching  maturity,  are  loosened  from  the 
soil  by  means  of  special  plows,  the  tops  removed  with  one 
stroke  of  the  knife,  at  a  point  that  is  marked  by  the  lower 
circle  of  dried  leaves,  and  the  beets  thrown  into  wagons. 
The  wagon  load  of  beets,  on  reaching  the  factory,  is  first 
weighed,  and  then  driven  up  an  inclined  bridge  that  reaches 
the  dumping  platform  of  the  beet  sheds.  A  chain  attached 
to  one  side  of  the  platform  is  then  connected  with  the  body  of 
the  wagon  to  prevent  it  from  sliding  off  the  platform  when 
being  dumped.  The  platform  is  then  partially  inverted, 
which  results  in  the  beets  falling  into  the  bins  below.  At 
the  bottom  of  these  bins  is  a  covered  concrete  flume  about 
18  inches  deep  and  14  inches  wide.  When  these  covers, 
which  are  about  2  feet  long,  are  removed,  the  beets  fall  into 
the  flume  and  are  carried  along  by  a  swift  current  of  water 
to  the  factory.  The  first  process,  on  arriving  there,  is  a 
purely  mechanical  one,  and  is  called  the  loashinf!^.  By  this 
operation,  adhering  particles  of  dirt  and  leaves  (called  tarc^ 
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are  separated  from  tlie  bvcts  in  a  specially  devised  apparatus 
that  keeps  the  beets  a^tated  in  a  flow  o(  clean  pure  water. 
Tlie  washer  is  attout  It)  feet  long  and  3  feet  deep,  and  has  a 
shaft  nmniag  through  the  center,  to  which  arc  attached 
about  a  iltrzcn  arms.  Tlie  clean  beets  o\t;rflow  into  iron 
buekctK  attached  to  an  elevator  chain  that  delivers  them  to 
the  hliccr  oa  ihu  thiol  floor  of  the  faclorj-,  where  they  arc 
cut  up  into  Btnall  strips,  called  CMsetlfS,  about  2  inches  long, 
\  inch  K-idc.  and  ^f  inch  ihiek.  The  cutter  consists  of  a 
rapidly  revolving  disk,  about  3  feet  in  diameter,  in  which 
are  placed  sots  of  knifes  to  arranged  that  at  e\'er)' revolution 
a  certain  number  of  cosscttea  arc  sliced  olT  the  beets,  which 
arc  placctl  directly  over  the  knives.  Th«  crwscttes  ai«  col- 
lecled  by  means  of  a  cbutc  directly  under  the  cutter  or  sheer, 
down  which  they  Jtlidc  into  the  cell  of  the  diffusion  battery. 
The  diffusion  battery  consists  of  14  cells  placed  in  a  circle, 
and  »o  connected  by  pijics  that  water  or  juice  can  flow 
thn>ugh  one  from  top  to  bottom,  and  immediately  pass  to 
the  next,  which  it  traverses  in  like  manner,  and  so  on 
throiij;hoiit  the  entire  circle.  At  tin.'  tnp  nntl  bultoiii  of 
each  cell  arc  doors  that  are  used  for  filling  the  vats  with  the 
cosscttes,  and  after  the  sugar  is  extracted  those  at  the 
bottom  arc  used  for  emptying  out  the  pulp  (exhausted 
cosscttes).  The  cells  are  about  10  feet  high  and  4  feet  in 
diameter,  and  contain  about  2  J  tons  of  cossettes  when  filled 
The  cells  are  filled  and  emptied  in  regular  order  in  conform- 
ity wilh  their  position  in  the  circle  and  at  the  rate  of  about 
8  to  10  an  hour.  Each  time  a  cell  is  filled,  a  certain  quan- 
tity of  the  fresh  juice,  which  has  traveled  the  entire  circle 
and  has  been  through  this  particular  cell  last,  is  drawn  oil 
into  the  workings  of  the  factory,  into  what  is  known  as  the 
vtcasiirin^^  tank.  Tiie  juice  has  the  appearance  of  black, 
muddy  water,  in  which  flocculent  particles  are  clearly  seen. 
The  pulp  from  which  th^  sugar  has  been  extracted  is  con- 
veyed from  the  bottom  of  the  battery  by  means  of  a  helix  to 
a  press,  where  the  surplus  of  water  is  pressed  out;  thence 
by  cart-;,  or  oihenv!'^.  1o  the  silo,  where,  after  it  has  become 
sour,  it  is  fed  to  cattle,  etc. 
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53.  The  charge  of  juice,  after  having  passed  the  measur- 
ing tank,  is  forced  through  the  *  *  calorizators, "  or  heaters, 
to  the  carbonators.  There  the  juice  is  heated  to  about  70°, 
to  cause  coagulation  of  the  albuminoids.  A  calorizator  has 
the  appearance  of  a  very  short  steam  boiler,  except  that  in 
this  case  the  juice  flows  through  the  tubes  and  the  steam  is 
in  tlie  interior.  This  is  the  first  process  of  clarification,  and 
it  is  a  very  important  one.  At  the  carbonators,  a  quantity 
of  milk  of  lime,  equal  in  bulk  to  about  one-tenth  of  the  juice 
therein  contained,  is  allowed  to  flow  in  from  a  small  tank 
situated  directly  above.  This  milk  of  lime  is  added,  not  only 
to  separate  certain  impurities  that  form  insoluble  compounds 
with  the  lime,  but  also  to  prevent  the  juice  from  becoming 
altered  by  reason  of  its  acidity  As  the  sugar  itself  dissolves 
a  large  quantity  of  lime,  the  latter  must  be  eliminated.  A 
current  of  carbon  dioxide  is  consequently  passed  into  the 
solution,  and  decomposes  the  saccharate  of  lime  formed 
there.  The  precipitates  still  remaining  are  removed  at  the 
filter  presses,  of  which  we  will  speak  later  on.  The  carbon- 
ators are  usually  nine  in  number,  and  are  arranged  so  that 
each  will  hold  two  charges  from  the  measuring  tank;  they 
are  about  12  feet  long,  0  feet  deep,  and  5  feet  wide,  being 
supplied  on  the  inside  bottom  with  steam  coils  and  gas  inject- 
ors. There  are  two  sets  of  carbonators,  called  first  and 
second. 

The  operation  is  practically  the  same  in  both,  except  that 
in  the  second,  less  time  is  used,  and  the  heating  is  conducted 
differently.  After  the  juice  has  been  brought  down  to  a  cer- 
tain degree  of  alkalinity  by  means  of  the  carbon  dioxide,  it 
is  forced  through  filter  presses,  which  remove  the  precipitate 
and  other  mechanical  impurities. 

The  presses  are  made  of  about  forty  frames,  hollow  on  the 
inside,  and  about  3  feet  high,  3  feet  deep,  and  1  inch  thick. 
Between  these  frames  is  placed  canvas, and  the  whole  arrange- 
ment is  tightened  by  using  a  screw  at  one  end.  The  turbid 
juice  is  forced  into  the  cavities  in  the  frames,  and,  in  order 
to  get  out,  it  must  pass  through  the  cloth,  thereby  leaving 
the  sediment  behind.     The  juice,  on  leaving  this  stage,  has 
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abright  amlier  coluc  It  is  piim]>c(l  to  Ihc  sulpfauring  tanks, 
where  fumes,  protliiccd  by  burning  sulphur,  are  forced  into 
it  The  action  of  the  sulphur  Oioxide  is  inaialy  for  the  pur- 
pose of  decoloriEJug,  itUhoii};[h  some  lime  is  at  the  same  time 
precipitated.  The  sulphuring  is  conirclled  by  making  tests 
of  the  alkalinity  of  the  juice,  and  by  observing  the  color. 
If  properly  conducted,  the  juice  should  have,  after  passing 
through  this  treatment,  the  appearance  of  clean  water.  The 
jnice,  after  being  sulphured,  undergoes  another  filtering  in 
what  are  called  mcdtankal  filUrs.  These  fiUers  are  iron 
txnces  about  4  fett  square  on  top,  and  3  feet  deep,  and  are 
sappliedwith  a  cover,  which  may  be  removed  to  lake  out 
the  bags.  The  action  of  tht;se  filters  is  just  the  revcnie  of 
poaring a Uqtiid  into  abagand  having  it  filtered  through, for 
in  this  case  the  juice  f^ows  from  the  outside  of  the  bag  to  the 
inade,  and  then  over  and  out  of  the  top  of  the  filter.  The 
bags  are  stretched  over  copper  frames  to  prevent  them  from 
collapsing  during  the  operation. 

This  process  Cf>nipk-t<.-s  the  clarification,  and  the  juice  is 
then  ready  to  be  concentrated,  an  operation  that  is  done  in 
the  apparatus  known  as  the  quadruple  effects.  These  are,  as 
the  name  indicates,  four  in  number,  and  each  is  composed 
of  two  apartments — one  for  the  steam,  and  the  other,  occu- 
pying over  two-thirds  of  the  space  of  the  "effect,"  for  the 
juice  and  vapors  that  arise  from  the  boiling.  The  arrange- 
ment is  such  that  a  vacuum  pump  connected  to  the  condenser 
of  the  fourth  effect  causes  a  vacuum  in  each  (of  different 
degrees),  so  that  the  juice  can  be  readily  drawn  from  one  to 
the  other,  as  desired.  Another  reason  why  this  process  is 
conducted  in  a  vacuum  is  to  prevent  the  loss  of  sugar  due  to 
excessive  heat.  Each  effect  is  about  12  feet  long,  11  feet 
wide,  and  10  feet  high,  A  large  vapor  pipe  20  inches  in 
diameter  runs  from  the  top  of  the  first  to  the  steam  chest  of 
the  second,  and,  in  a  like  manner,  from  the  second  to  the 
third,  and  so  on,  uniting  them  all.  The  idea  of  the  arrange- 
ment is  this:  The  steam  turned  into  the  steam  chest  of  the 
first  boils  the  juice  in  that  effect ;  the  vapor  arising  from  this 
goes  over  and  boils  the  juice  in  the  next,  and  so  on,  until 
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they  are  all  boiling  at  once.  As  the  juice  is  concentrated, 
they  draw  from  one  to  the  other  to  maintain  a  constant  level. 
When  the  density  of  the  last  is  at  the  required  point,  about 
25**  Baume,  the  juice  is  pumped  into  the  vacuum  pan  where 
it  is  boiled  to  grain. 

The  vacuum  pan  has  the  general  apix^arance  of  a  large 
hollow  globe;  it  is  about  1 1  feet  in  diameter,  and  is  made  of 
cast  iron,  put  together  in  segments. 

The  vacuum  is  caused  by  a  large  pump,  and  the  oi>eration 
of  boiling  is  conducted  in  the  following  manner;  A  vacuum 
is  produced  by  means  of  the  pump,  then  tlie  juice  is  drawn 
in  to  a  certain  level,  steam  is  turned  into  the  copjxir  coils 
situated  in  the  bottom,  and  the  juice  boils.  When  the  juice 
has  boiled  down  to  a  certain  density  (about  43"  Baume),  small 
grains  of  sugar  appear.  When  the  grains  are  sufficient  in 
number,  in  the  opinion  of  the  operator,  more  juice  is  drawn 
in.  The  new  lot,  instead  of  starting  new  grains,  deposits 
on  the  first;  the  ojxjration  from  here  on  is  a  continual  draw- 
ing in  and  boiling  down,  until  the  pan  is  full.  It  is  then  let 
out  into  the  mixer  by  a  large  valve  placed  directly  in  the 
bottom.  The  mixer  is  a  large  V-shaped  trough  with  a  shaft, 
on  which  are  placed  arms  that  keep  the  viclada  from  solidi- 
fying. This  melada,  or  boiled  juice,  has  the  appearance  of 
a  thick  pasty  mass  of  sugar  and  molasses.  The  mixer  is 
about  30  feet  long,  10  feet  wide  at  the  top,  and  7  feet  deep. 
Attached  directly  below  are  the  centrifugals,  eight  in  num- 
ber, which  receive  the  melada  through  short  spouts  that  are 
controlled  by  means  of  a  tight-fitting  gate.  The  centrifugals 
are  of  the  general  appearance  of  those  used  in  laundries, 
being  supplied  with  a  screen  on  the  side,  and  revolve  about 
a  thousand  times  a  minute.  A  charge  of  melada  (about  2()0 
pounds)  is  drawn  into  the  centrifugal,  and  the  apparatus  is 
set  revolving.  After  about  10  minutes,  the  molasses  is  thrown 
off  and  a  small  spray  of  water  is  directed  against  the  sugar 
adhering  to  the  sides  of  the  machine;  this  completes  the 
operation,  leaving  the  sugar  pure  white.  When  the  centrif- 
ugal is  stopped,  this  sugar  then  falls  through  a  trap  door  in 
the  bottom  of  the  machine,  to  a  carrier  that  takes  it  to  the 


giwiiilatcH',  or  diyer,  where  tbe  rij^  amoant  o<  moistare  is 
diiveo  o^  after  which  it  fmlht  down  a  dinte  to  a  lioi^ier, 
where  it  is  jiaced  in  bags  fcMr  sUpaeat. 

64.  GiAag  back  to  tbe  centrifogal^  tbe  nolasses  that 
runs  off  from  tbe  melada  is  collected  in  tanks  made  for  that 
purpose,  and  when  enoogh  has  accnmtdated,  it  is  sent  to  the 
vacuum  pan  and  leboiled;  bn^  in  tbiB  caae^  it  is  not  boiled 
to  grain,  but  amply  coocentraud  as  madi  as  is  condstent 
This  operation  usually  tates  9  lionr^  whereas  tbe  graining 
takes  about  6  hours.  This  "tdaak  melada  "  is  then  mn  into 
ciystallizers  that  are  of  tbe  exact  capadtf  of  the  vacnom  pan, 
where  it  is  kept  in  a  slow,  ooostaat  fliotkxt,  to  promote 
graining,  for  about  3  or  4  boors;  it  is  then  treated  in  the 
centrifugal.  The  sugar  cocnii^  from  Ais,  being  veiy 
unpalatable,  is  melted  in  a  special  mbsu;  and  is  pumped 
back  into  the  thick  juice.  If,  on  analysiB,  .the  molasses  is 
found  to  contain  nomore  available  silgar,itis  used  formakiiig 
vinegar  and  shoe  blacking,  or,  moie  freqaently,  thrown 
away,  although  it  contains  a  number  of  by-products,  such  as 
trimethy]  amine,  etc.  which  are  obtained  from  it  in  some  of 
the  German  factories.  A  factory  with  a  capacity  of,  say. 
750  tons  of  beets,  would  have  an  output  of  about  75  tons  of 
sugar,  and  would  require  daily  about  45  tons  of  limestone. 

55.  Properties  of  Sticrose. — Sugar  crystallizes  from 
waterin  largo,  well  formed  prisms,  thatarehard,  anhydrous, 
and  unalterable  in  the  air.  It  is  dextrorotary,  and  dissolves  in 
onc-tliird  its  wcijjht  of  cold  water,  resulting  in  a  thick  solution 
known  as  siiij^lc  syrup.  Sugar  is  insoluble  in  ether  and  in 
cold  absolute  alcohol.  Boiling  absolute  alcohol  dissolves  a 
little  more  than  1  percent.;  ordinary  alcohol  will  take  up 
more,  owing  to  the  presence  of  water.  When  heated  to  from 
210°  to  221)°,  sucrose  loses  water,  and  is  converted  into  the 
substance  called  caraiml,  which  is  more  or  less  brown  in 
color,  according  to  the  duration  of  the  heating  and  the 
temperature  reached.  Cane  sugar  does  not  reduce  alkaline 
copper  solutions.      By  the  action  of  dilute  adds,  sugar  is 
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converted,  slowly  in  the  cold,  but  rapidly  on  boiling,  into  a 
mixture  of  equal  parts  of  two  isomeric  sugars  that  have 
opposite  rotary  power,  namely,  glucose  and  fructose ;  the 
mixture  is  called  invert  sugar: 

sucrose  glucose         fructose 

iuvcrt  sugar 

The  same  transformation  is  effected  by  the  soluble  matter 
of  yeast,  and  also  by  the  peculiar  ferment  that  exists  in  most 
fruits,  but  no  one  has  succeeded  as  yet  in  effecting  the  union 
of  glucose  and  fructose  to  form  sucrose.  The  character  of 
the  relation  between  sucrose  and  the  two  monosaccharides  is 
not  understood. 

It  is  only  after  having  undergone  this  transformation  into 
inverted  sugar  that  sugar  is  acted  on  by  ferments  It  is  con- 
verted into  saccharic  acid  CJLO^  and  oxalic  acid  by  nitric 
acid,  and  is  carbonized  by  concentrated  sulphuric  acid. 
Sugar  resists  the  action  of  the  alkalies  better  than  glucose, 
forming  with  them  and  the  bases  in  general  definite  com- 
pounds known  as  saccharatcs.  If  a  mixture  of  sugar  and 
shiked  lime  is  titrated  with  water  and  the  whole  is  thrown  on 
a  filter,  the  liquid  that  passes  through  will  be  colorless  and 
strongly  alkaline;  on  heating  this  mixture  to  ebullition,  it 
changes  into  a  solid  mass  that  again  becomes  liquid  on  cool- 
ing, being  then  known  as  a  solution  of  saccharate  of  calcium 
(^ia^M^ii)>'^^'^^»  the  compound  C„//„^^,, -6^(9  is  precipi- 
tated from  it  by  the  addition  of  alcohol.  An  excess  of  stron- 
tium hydrate  precipitates  cane  sugar  completely  from  a  hot 
solution,  the  resulting  disaccharate  C^Jf^^O^^-'lSrO  being 
readily  decomposed  by  carbon  dioxide  into  sugar  and  stron- 
tium carbonate.  When  sugar  is  fused  with  potassium 
hydrate,  hydrogen  is  disengaged,  and  carbonate,  oxalate, 
formate,  and  propionate  of  potassium  are  formed.  When  dis- 
tilled with  quicklime,  sugar  is  decomposed,  with  the  forma- 
tion of  carbon  dioxide,  water,  acetone,  and  met  acetone  C^Hfi 
(a  liquid  having  a  pleasant  odor,  and  boiling  at  8-1°).  Sugar 
forms  a  crystalline  compound  with  sodium  chloride. 
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56*  Sutfar  of  MUk. — Sagv  dt  mill^  milk  sugmr  or 
kutose^  CJtIJD^^M%0  occurs  in  fbe  oiilk  of  all  maimnate,  and 
is  extracted  from  the  whey  that  rmatna  alter  the  manufac- 
tare  of  cheese.  To  obtain  the  aiqiiff  of  milk,  it  is  only 
necessary  to  evap<nate  the  whey  to  dystalWimtion,  when 
hardy  colorless,  rhomtnc  crystala  are  obtained  together 
with  1  molecule  of  water,  which  is  lost  on  heating  the 
crystals  to  about  140^  The  sugar  of  milk  that  tromes  into 
the  market  has  been  crystallised  on  strinq^aor  wood  qplinters. 

Milk  sugar  dissolves  in  6  parts  of  ooid  water  and  in  %  parts 
of  boiling  water;  it  has  a  slightly  sweet  taste,  and  v&  deztio- 
rotary.  It  reduces  Fehling's  solution,  but  much  more  slowly 
than  glucose.  Oxidized  with  nitric  add,  it  yields  mucic 
and  sacdiaric  acids.  Nascent  hydrogen  converts  milk  sugar 
into  mannite,  duldte,  and  other  similar  subatancea  Like 
glucose  and  cane  sugar,  it  forms  ocmipoands  with  bases,  dis- 
saving lime,  baryta,  lead  oxide,  etc  When  boiled  with 
dilute  sulphuric  acid,  milk  sugar  is  convetted  into  glucose 
and  galactose.  Milk  sugar  ferments  tmder  certain  conditions, 
and  is  thus  converted  into  lactic  acil.  The  souring  of  milk 
is  a  result  of  this  fermentation.  Th3  lactic  acid  coagulated 
the  casein,  hence  the  thickening  of  sour  milk. 

57,  Maltose. — Maltose  C„ //„(?, „//,(?  is  formed  by  the 
action  of  malt  on  starch,  and  was  for  some  time  mistaken  for 
dextrose.  Malt,  which  is  made  by  steeping  barley  in  water 
until  it  j^erminates  and  then  drying  it,  contains  a  substance 
called  diastase^  which  has  the  power  of  effecting  chang^es 
similar  to  some  of  those  effected  by  the  ferments.  Thus  it 
acts  on  starch  and  converts  it  into  dextrin  and  maltose,  as  is 
seen  from  the  following  equation : 

starch  maltose  dextrin 

Maltose  is  also  formed  by  the  action  of  dilute  sulphuric 
acid  on  starch,  and  is  always  found  in  commercial  glucose. 
Maltose  forms  masses  composed  of  hard  white  needles,  and 
loses  its  water  of  crystallization  when  heated  to  about  100°. 
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A  solution  of  maltose  is  dcxtrorotary,  reduces  Fehllng's  solu- 
tion, and  is  easily  fermented  by  yeast,  yielding  alcohol  and 
carbon  dioxide ;  thus, 

maltose  alcohol 

Boiling  with  dilute  acids  converts  maltose  into  glucose: 

58.  Other  I>i!!tti,ccharides.  —  Tsomaltose  C„//„(?j,  is 
formed  by  the  action  of  hydrcx:hloric  acid  on  glucose,  and  is 
also  formc'd  from  starch  in  the  presence  of  diastase.  It  has  an 
intensely  sweet  taste,  and  is  dcxtrorotary.  It  is  decomposed 
by  heating  gently,  but  does  not  seem  to  be  directly  fer- 
mentable. 

59.  Mycosi\  or  trehalose^  C ^^H ^fi ^^^-ll I ^O  is  found  in  the 
ergot  of  rye,  and  has  been  obtained  from  the  trehala  manna, 
or  nest  sugar,  of  Persia,  an  edible  substance  produced  by  an 
insect  from  the  tree  on  which  it  lives.  Mycose  crystallizes 
in  hard,  rectangular  octahedra,  is  gritty  between  the  teeth, 
and  has  a  sweet  taste.  The  crystals  fuse  at  100°,  and  lose 
their  water  of  crystallization  at  130°.  It  is  strongly  dcxtro- 
rotary, and  is  soluble  in  water  and  alcohol.  The  latter 
property  distinguishes  it  from  cane  sugar. 

60.  Raffinose,  or  mcUtosi\  C^JI^fi^^^hll^O  occurs  in  Aus- 
tralian manna,  cotton  seeds,  and  sugar  beets.  It  crystal- 
lizes in  fine  needles,  that  lose  their  water  of  crystallization 
at  100®,  while  the  residue  melts  at  118".  Raffinose  is  but 
slightly  sweet,  dissolves  in  water  and  alcohol,  and  is  dcxtro- 
rotary. It  does  not  react  with  Fehling's  solution,  but  is 
completely  fermentable. 

61.  Mclizitose  C^Jl^^0^^,2H^0  is  extracted  by  alcohol 
from  the  manna  exuding  from  the  larch.  It  crystallizes  in 
monoclinic  prisms  with  2  molecules  of  water  of  crystallization, 
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wliich  it  loses  \vhun  hcalud  lo  iOH".     It  is  about  as  swL-et 
as  cane  sugar,  is  doxtrorutary,  and  mclU  at  157°. 

63>  T^rmentutloii. — If  yenut  is  introduced  into  a  solu- 
tion of  gloicoee,  and  exposed  for  some  time  to  a  temperature 
of  from  20"  to  'Ait",  bubbles  of  carbon  dioiiidc  will  soon  be 
disengaged  uid  seen  to  arise.  After  all  the  carbon  dioxide 
has  been  engaged,  and  the  liquid  subjected  to  dislillatiou, 
a  small  quantity  of  alcohol  will  be  obtained.  The  glucose, 
as  such,  has  disapixjarcd ;  it  is  decomposed  intoalcohol  and 
carbon  dioxide.  This  decomposition  has  been  effected  by 
the  yeast,  the  process  that  took  place  being  called /irwc'wM- 
ttoH.  The  sugar  is  the  fornienlablc  substance,  and  the  yeast 
is  the  ferment 

The  ferment  is  an  organized  matter  that  develops  and 
multiplies  and  lives  at  the  expense  of  the  fermentable  sub- 
stance. The  latter  is  directly  attacked  by  the  ferment,  and 
undergoesa  complete  decomposition,  of  which  carbon  dioxide 
and  alcohol  are  the  chief  products.  The  ferment  plays  an 
active  part,  which  was  first  suspected  by  Cagniard-Latour 
and  Schwann,  and  further  investigated  and  demonstrated  by 
Pasteur. 

G3.  Alcoftolic  Ffrmcntation. — The  decomposition  of  glu- 
cose under  the  active  influence  of  yeast  constitutes  alcoholic 
fermentation,  and  the  principal  reaction  that  occurs  may  be 
expressed  by  the  subjoined  equation: 

glucose  alcohol       9^^^ 

It  has  been  shown  by  the  experiments  of  Pasteur  that  only 
about  '.'4  per  cent,  of  the  quantity  of  glucose  that  is  decom- 
posed undergoes  the  change  indicated  by  the  above  equation. 
The  remaining  G  per  cent,  is  employed  partly  in  the  forma- 
tion of  .small  quantities  of  higher  alcohols,  succinic  acid,  and 
glycerol,  and  partly  in  the  development  of  new  yeast  cells, 

64,  Yeast. — Yeast  is  composed  of  a  mass  of  cells  or 
ovoid  corpuscles  having  a  diameter  of  y^  millimeter,  and  ■ 
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arranged  in  clusters,  as  shown  in  Fig.  5.  Their  walls  are  an 
elastic  membrane,  and  their  contents  appear  liquid  or  gran- 
ular when  viewed  tliroiigli  the  microscope.      They  contain 

cellulose,    albuminoid    matter,  

and  mineral  salts.  When  they 
are  introduced  into  a  substance 
that  contains  the  material  neces- 
sary for  their  development,  they 
multiply  rapidly.  Pasteur  has 
made  a  large  number  of  decisive 
experiments  on  this  point.  He 
planted  some  yeast  cells  in  a 
solution  of  sugar  to  which  he 
had  added  a  small  quantity  of 
an  ammoniacal  salt  and  some  p,^  ^ 

phosphates.      The   solution  of 

sugar  fermented,  and  the  ferment  developed  by  budding,  the 
new  cells  absorbing  the  ammonia  and  phosphates.  They 
obtained  from  the  sugar  the  matter  necessary  to  form 
cellulose,  and  from  the  ammonia  the  nitrogen  required  for 
the  elaboration  of  the  albuminoid  matters.  However,  these 
artificial  conditions  are  not  those  that  are  best  adapted  for 
the  propagation  of  cells.  The  latter  increase  with  extraordi- 
nary energy  in  liquids  that  contain,  besides  the  yeast  and 
glucose,  a  quantity  of  albuminoid  matter  ready  formed, 

65.  Lactic  Fermentation. — Lactic  fermentation  is  of  a 
vegetable  nature,  and  is  accomplished  by  the  action  of  a 
peculiar  ferment,  formed  of  small  round  or  elongated  cells, 
very  short,  and  isolated  or  in  masses,  which  are  considerably 
smaller  than  the  yeast  cells,  and  constitute  the  lactic  yeast 
of  Pasteur,  It  only  acts  on  glucose  or  lactose  in  cither  neu- 
tral or  alkaline  solution — hence  the  necessity  of  adding 
sodium  carbonate  or  chalk  to  the  solution.  The  reactiou 
consists  in  a  splitting  of  the  glucose  molecule,  as  is  seen 
from  the  following  equation  t 

glucose  lactic  acid 


J 


66.    Butyric  FerwteiOmtmm. — Bn^iic  finimBHlatHMi  ccn< 

wts  in  the  trausforimtioii  of  ***'"'""'  lw?t<lB  ntD  iiiiljf  i  iitr 
a  transf omia.tkm  tint  is  accompmied  bf  a  dtwimagenient 
of  hjrdrogeo.  Aocotdiog:  to  Pactanr,  Ais  fannentatioo  is 
earned'  \ry  a  low  ofganinn  that  cas  Ihe  and  dnire  on^  in 
•itoatioiu  where  its  members  cannot  obtain  free  oxygen. 
Sach  is  the  eneT:gy<tf  their  iei9inA0f7fimetl(nisUiat.aococd- 
tng  to  Pastenr,  free  oxygen  kills  i^nm.  -  Thejr  decompoee 
oxidixed  bodies  and  asrimilate  the  oaygen.  Acetic  fennen- 
tation  has  been  briefy  menttoned,  ^eviotaily.  It  may  be 
added,  hofrever,  that,  by  the  actioil  of  a  certain  ferment, 
glucose  is  ctmverted  into  maimitol,  and  a  gummy  matter 
that  is  very  soluble  in  water  and  gives  a  Tiacoiis  oonastency 
to  the  fermented  liquid.  This  is  called  the  viscams  ftmun- 
talioH. 

There  are  many  other  lunds  of  fermentation,  an  exceed- 
in^y  large  number  oi  organic  oMnpoands  bong  capable  at 
decomposition  in  this  manner;  the  ferments  are  also  very 
numerous,  and  t)ie  spedal  fermentatioa  nndeigoce  by  a  sub- 
stance depends  on  the  peculiar  ferment  present 


STARC1IK8   XSTt   CELLULOSES. 

67.  Hiawh, ^Starch,  or  amylase,  (C",/^,,0,),  is  found 
evcrywlieic  in  the  vc},'etablc  kingdom  in  large  quantities, 
particularly  in  all  kinds  of  grain,  as  com  and  wheat,  and  in 
tubers,  as  potatoes,  arrowroot,  etc. 

In  this  country,  starch  is  manufactured  mainly  from  corn, 
but  in  Europe  it  is  generally  extracted  from  potatoes.  The 
processes  involved  in  the  manufacture  of  starch  are  mostly 
mechanical.  The  corn  is  first  treated  with  warm  water,  and 
the  softened  grain  is  then  ground  between  stones,  a  stream 
of  water  running  continuously  into  the  mill.  The  thin  paste 
that  is  carried  away  is  brought  upon  sieves  of  silk  bolting 
cloth,  which  are  kept  in  constant  motion.  The  starch,  as  a 
milky  liquid,  passes  through  these  sieves  with  the  water,  and 
is  then  allowed  to  settle,  when  the  water  is  drawn  off.  The 
starch  is  next  treated  with  water  containing  a  little  alkali 
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(either  caustic  soda  or  sodium  carbonate),  the  object  of  which 
is  to  dissolve  the  ghiten,  oil,  etc.  The  mixture  is  now  brought 
into  long,  shallow,  wooden  runs,  where  the  starch  is  deposited, 
the  alkaline  water  running  off.  Finally,  the  starch  is  washed 
with  water,  and  dried  at  a  low  temperature. 

Starch  is  a  white  powder,  formed  of  minute  grains  of  organ- 
ized structure.  Their  size  and  shape  vary  according  to  the 
origin  of  the  starch.  Starch  made  from  potatoes  has  larger 
grains  than  starch  made  from  grain.  The  size  of  these 
minute  grains  varies  from  y^^^^  to  yYo'V  ^^  ^  milligram,  and 
they  are  made  up  of  concentric  layers  that  become  denser  as 
they  approach  the  surface. 

Starch  in  its  usual  condition  is  insoluble  in  water,  alcohol, 
and  ether.  If  ground  with  cold  water,  it  is  partly  dissolved; 
if  heated  with  water,  the  membranes  of  the  starch  cells  are 
broken,  and  the  contents  form  a  partial  solution.  On  cool- 
ing, it  forms  a  transparent  jelly  called  starch  paste.  With 
iodine,  starch  paste  gives  a  blue  color,  and  with  bromine  it 
gives  a  yellow  color.  The  conversion  of  starch  into  maltose 
and  dextrin  by  the  action  of  diastase  has  been  mentioned  in 
Art.  67. 

68,  Dextrin. — Dextrin  CJI^^O^  is  prepared  by  moisten- 
ing starch  with  one- third  its  weight  of  a  weak  solution  of 
nitric  acid,  drying  it  in  the  air,  and  heating  to  115°.  It  is 
converted,  by  further  treatment  with  acids,  into  glucose. 
The  substance  ordinarily  called  dextrin  has  been  shown  to 
be  a  mixture  of  several  isomeric  substances  that  resemble 
one  another  very  closely.  The  mixture  is  an  imcr}''stallizable 
solid.  It  is  strongly  dcxtrorotary,  hence  its  name;  it  also 
gives  a  red  color  with  iodine,  and  does  not  reduce  Fehling's 
solution.  It  is  employed  by  calico  printers  for  thickening 
their  colors;  it  is  used  as  a  mucilage  for  lal)els  and  postage 
stamps,  and  for  the  prejxiration  of  immovable  surgical 
dressings. 

69.  Inulln.— Inulin  {CJT^p^.JT^O  occurs  widely  dif- 
fused    throughout    the   vegetable    kingdom,   and    may  be 
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extracted  from  dahlia  roots,  which  contain  10  per  cent,  of 
inulin,  by  boiling  with  water,  which,  on  cooling,  deposits  it 
in  minute  granules  that  arc  analogous  to  starch.  It  swells 
in  cold  water,  in  which  it  is  only  vcrj-  slightly  soluble;  it  is 
very  soluble,  however,  in  boiling  water,  which  again  deposits 
it  in  a  pulverulent  form  oa  cooling.  The  aqueous  solution 
of  inulin  turns  the  plane  of  polarization  to  the  left  Inulin 
is  not  colored  blue  by  iodine,  but  takes  a  transient  yelloiv- 
brown  tint  when  mixed  with  the  latter.  When  boiled  wilh 
dilute  sulphuric  acid,  it  gives  fruit  sugar. 

70,  Glyoosfcn. — Glycogen  [C^ff^^O^^  was  obtained  by 
Bernard  from  the  liver  of  several  animals  (calf  or  pig)  by 
exhausting  with  water,  and  precipitating  with  boiling  alco- 
hol. The  precipitate  is  purified  by  boiling  with  dilute  potash, 
repeatedly  dissolving  in  strong  acetic  acid,  and  precipitating 
by  alcohol.  Glycogen  is  a  white,  starch-like  substance,  with- 
out odor  or  taste,  yielding  an  opalescent  .solution  with  water, 
but  insoluble  in  alcohol.  It  does  not  reduce  any  alkaline 
solution  of  copper,  and  does  not  ferment  with  yeast,  but  is 
converted  into  glucose  by  boiling  with  dilute  acids,. or  by 
contact  with  diastase,  saliva,  or  blood. 

71.  Tne  Gums. — The  gums  (C,f/,,0,)^  are  amorphous, 
transparent  substances,  widely  disseminated  in  plants;  they 
form  sticky  masses  with  water,  and  are  precipitated  by  alco- 
hol. They  arc  odorless  and  tasteless,  and  some  of  them  yield 
clear  solutions  with  water,  while  others  swell  up  in  that  men- 
striuitn  and  will  not  filter  through  paper.  The  first  are  called 
the  rt-al  glims,  and  the  second  vegetable  mucilages.  Nitric 
acid  oxidizes  them  to  niucic  and  oxalic  acids. 

78.  Cellulose. — The  framework  of  plant  tissues  con- 
sists of  a  more  or  less  delicate  membrane  that  is  a  secretion 
of  protoplasmic  activity  and  is  known  as  the  cell  %vall.  In 
the  earlier  stages  of  its  growth  and  development,  it  con- 
sists of  cellulose  {C,H^^O^^  with  a  varying  amount  of  water. 
Gradually,  however,  it  is  transformed  into  bodies  of  more 
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complex  constitution — the  compound  celluloses — and,  at  the 
same  time,  mineral  matters  are  deposited  in  it. 

The  name  cellulose  does  not  denote  a  chemical  individual, 
but  a  group  of  closely  related  isomers  of  similar  properties. 
Cotton,  hemp,  flax,  and  the  pith  of  certain  trees  consist  essen- 
tially of  cellulose.  All  these  bodies  are  permeated  by  foreign 
substances,  such  as  nitrogenous,  coloring,  and  mineral  mat- 
ters. White  filter  paper,  prepared  cotton  wool,  and  well 
washed  linen  consist  of  nearly  pure  cellulose. 

Cellulose  is  prepared  by  drying  sawdust  at  110°,  and  boil- 
ing it  with  a  mixture  of  alcohol  and  benzene  to  extract  the 
resinous  matter  it  contains.  It  is  then  washed  with  alcohol, 
and  boiled  two  or  three  times  with  weak  ammonia,  after 
which  it  is  washed  and  digested  with  weak  bromine  w^ater, 
until  it  no  longer  decolorizes  the  bromine  water  after  stand- 
ing 24  hours.  This  oxidizes  the  vasculose,  and  converts 
it  into  acids.  The  residue  is  washed  and  heated  nearly  to 
boiling  with  water  containing  -^X^  of  its  volume  of  strong 
ammonia;  this  dissolves  the  oxidized  acids,  and  acquires  a 
brown  color.  When  this  brown  color  no  longer  increases, 
the  residue  is  again  washed,  and  the  treatment  with  bromine 
water  is  repeated  until  no  more  brown  color  is  imparted  to 
the  ammonia;  a  final  washing  with  water  and  boiling  with 
alcohol  leaves  the  cellulose  pure. 

73,  When  pure,  cellulose  is  a  white,  opaque  solid, 
exhibiting  an  organized  structure.  It  is  infusible  and 
insoluble  in  all  simple  solvents,  but  in  the  presence  of 
certain  metallic  compounds,  it  forms  gelatinous  hydrates 
that  are  soluble  in  water.  Cellulose  dissolves  completely  on 
warming  with  concentrated  aqueous  solution  of  zinc  chloride, 
but  more  rapidly,  and  in  the  cold,  when  a  solution  of  the 
salt  in  strong  hydrochloric  acid  is  employed.  Another  valu- 
able solvent  is  Sclrweitscr^s  reagent,  which  is  made  by  dis- 
solving cupric  hydrate  in  ammonia.  When  submitted  to 
dry  distillation,  cellulose  leaves  a  residue  of  carbon,  and 
yields  numerous  gaseous  and  liquid  products.  The  gas 
obtained  by  the  distillation  of  wood  is  used  for  illuminating 


pnriMSan-in  some  localities.  The  liquid  product  ordinarily 
separates  into  two  layers;  one  of  these  layers  is  aqueous  and 
contains  acetic  acid,  wood  spirit,  acetone,  etc.;  the  other  is 
insolubie  in  water,  and  constitutes  wood  tar.  Cellulose  is 
rapidly  attacked  by  concentrate  sulphuric  acid;  the  resulting 
vtocous  solution  probably  contains  a  compound  of  sulphuric 
acid  and  cellulose,  and  also  various  other  products  resulting 
from  a  rapid  disintegration  of  this  sulphate.  When  the 
solution  is  diluted  with  water,  and  boiled,  glucose  is  formed, 
and  sulphuric  acid  regenerated.  When  paper  is  dipped  into 
a  cold  mixture  of  sulphuric  acid  and  half  its  volume  of  water, 
and  then  carefully  washed  and  dried,  a  semitransparent  mat- 
ter is  obtained  that  has  a  certain  rigidity,  and  is  similar  to 
paixdimcnt  in  aspect  and  toughness.  This  parchment  paper 
is  extensively  used  as  a  substitute  for  animal  parchment 

74.  Colloidal  cellulof«  is  formed  by  the  action  of  sul- 
phuric acid  (Sp,  Gr,  1.53)  on  cellulose,  and  forms,  with  water, 
a  milky  litjuid  that  can  be  filtered.  The  action  of  sulphuric 
acid  or  zinc  chloride  on  cellulose  produces  a  body  known  as 
amyloid,  that  is  analogous  to  starch.  Cellulose  moistened 
with  iodine  tincture  and  then  treated  with  strong  sulphuric 
acid  assumes  a  blue  color.  By  treatment  with  acetic 
anhydride,  cclhilose  is  converted  into  the  triacetate 
C,f/,0,{C,H,0,),  &nd  the  tetra-acetate  C,N,0{C,//,O;),;  and 
there  are  indications  that  higher  acetates  may  exist. 

75.  Guncotton. — Cellulose  has  some  of  the  properties 
of  alcohols;  among  these  properties  is  the  power  to  form 
ethereal  saUs  with  acids.  Thus,  when  treated  with  nitric 
acid,  it  forms  several  nitrates,  just  as  glycerine  forms  the 
nitrate  known  as  nitrogljccrin.  Treated  for  a  short  time 
with  sulplmric  and  iiiti^tc  acids,  cellulose  is  converted  into 
lower  nitrates,  particularly  the  tetranitrates  and  pentani- 
trates.  A  solution  of  these  in  a  mixture  of  ether  and 
alcohol  is  known  as  collodion  solution,  which  is  quite  exten- 
sively used  in  photography  and  surgery.  When  poured 
upon    any    surface,    such    as    glass,    the    ether   and    alcohcJ 
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rapidly  evaporate,  leaving  a  thin  coating  of  the  nitrates 
that  were  in  solution. 

When  treated  for  24  hours,  at  a  temperature  of  10**,  with 
a  mixture  of  nitric  and  sulphuric  acids,  cellulose  yields 
hexanitrate  6„//,^(?^((?A^0,),,  which  is  used  as  an  explosi\*c 
under  the  name  oi  guncotton^  or  pyroxylin,  Guncotton  Ux)ks 
like  ordinary  cotton,  but  is  more  harsh  to  the  touch  and 
sometimes  has  a  light  yellowish  tint.  It  burns  with  a  sud- 
den flash,  leaving  no  residue,  and  produces  a  great  volume 
of  gaseous  products  consisting  of  carbon  monoxide,  carbon 
dioxide,  nitrogen  dioxide,  vapor  of  water,  etc.  It  is  chiefly 
used  in  blasting. 

An  intimate  mixture  of  guncotton  and  camphor  has  come 
into  extensive  use,  under  the  name  of  celluloid^  as  a  sub- 
stitute for  ivory,  bone,  and  horn.  As  it  is  plastic  at  a 
slightly  elevated  tcm]Xiraturc,  it  can  easily  be  molded  into 
any  desired  shape,  w^hen  on  cooling  it  hardens. 

Nitro  powders,  largely  used  on  account  of  their  smokeless 
explosion,  are  prepared  by  gelatinizing  finely  divided  gun- 
cotton  by  means  of  a  solvent  such  as  ethyl  acetate  or  acetone. 
The  solvent  is  removed  by  high  pressure  and  evaporation, 
and  the  gelatinous  residue  is  cut  into  slices  and  pressed  into 
suitable  forms.  Other  substances  arc  usually  added  to 
modify  the  force  of  the  explosion. 


GT^UCOSIDES. 

76.  Glucosides  is  the  name  given  to  a  class  of  bodies, 
very  widely  diffused  in  the  vegetable  kingdom,  that  are 
resolved  by  boiling  with  dilute  acids,  or  alkalies,  or  by  tlie 
action  of  ferments,  into  a  sugar  (mostly  dextrose)  and  some 
other  compound.  As  these  compounds  have  little  practical 
value,  only  the  most  important  of  them  will  be  mentioned 
here. 

77,  Amyprdalln. — Amygdalin  C^Jf^^NO^^  is  extracted 
from  bitter  almonds,  the  kernels  of  the  fruit  of  Amygdalus 
communis.      It  dissolves  freely  in  alcohol  and  water,   and 
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crystallizes  from  the  former  with  3  molecules  and  from  the 
latter  with  3  molecules  of  water  of  crystallization.  An 
aqueous  solution  of  amygdalin  is  levorotary.  Dilute  acids 
decompose  it  into  glucose,  hydrocyanic  acid,  and  benzalde- 
hyde,  fis  is  seen  from  the  subjoined  equation; 

('J^,M^u+''KO  =  ■iC\f/„0,  +  a/N  +  C,N,0 
amygdiilm 

The  same  decomposition  takes  place  by  the  action  of  a 
peculiar  ferment,  known  as  cmulsiri,  or  synaplaif,  which  is 
present  in  bitter  and  sweet  almonds.  This  ferment  is  sol- 
uble in  water,  and  acts  on  amygdalin  only  in  the  presence  of 
water;  hence  the  odor  of  prussic  acid  is  only  noticeable 
when  bitter  almonds  arc  moistened  with  water.  Sweet 
almonds  do  not  contain  amygdalin. 

78.  Sallcln. — Salicin  £"„//,. 0,  is  a  cry  stall  izable  bitter 
substance  contnincd  in  the  leaves  and  young  bark  of  the 
poplar,  willow,  and  various  other  trees.  It  may  l>e  prepared 
by  exhausting  willow  bark  with  boiling  water,  concentrating 
the  solution  to  a  small  bulk,  digesting  the  concentrate  solu- 
tion with  lead  hydrate,  precipitating  the  excess  of  lead  by 
y/,.S",  and  then  evaporating  until  the  salicin  crystallizes  out. 
Salicin  forms  small,  colorless,  and  bitter  tasting  needles  that 
melt  and  dccomixjse  by  heat,  burning  with  a  bright  flame 
and  leaving  a  residue  of  charcoal.  Salicin  is  soluble  in  about 
30  parts  of  water,  more  soluble  in  alcohol,  but  insoluble  in 
ether,  and  is  readily  distinguished  by  the  bright-red  color 
that  it  gives  with  strong  sulphuric  acid,  by  which  it  is 
detected  when  applied  to  the  inner  bark  of  the  willow. 
Under  the  influence  of  cmulsin,  salicin  is  resolved  into 
glucose  and  saligenin: 

CJf,.0^^]1fi  =  cjr,,o,-\-c^H,o, 

salicin  slucost;        saligenin 

Salicin  yields,   with  chlorine,  substitution  products  that 

are  decomposed  by  emulsin  in  the'  same  manner  as  salicin 

itself,  yielding  chlorsaligenin  C,H^ClO,  and  dichlorsaligenin 
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C^H^Cl^O^.  When  salicin  is  fused  with  potassium  hydrate, 
hydrogen  is  evolved,  and  salicyhc  and  oxalic  acids  formed. 
By  the  action  of  a  mixture  of  potassium  dichromate  and 
sulphuric  acid,  salicin  yields  carbon  dioxide,  formic  acid,  and 
an  oxidized  oil,  which  is  salicyl  aldehyde  C^Hfi^, 

79.  Populln. — Populin  C^^.H^fi^^lHfi  exists  in  the 
bark  and  leaves  of  the  aspen  {Populus  trcmula),  from  which 
it  may  be  extracted  in  a  similar  way  to  that  employed  in  the 
extraction  of  salicin.  When  properly  purified,  it  crystallizes 
in  very  fine,  silky,  and  colorless  needles  with  2  molecules  of 
water.  Its  taste  is  sweet,  and  it  is  only  slightly  soluble  in 
water,  but  dissolves  freely  in  alcohol.  By  the  action  of  dilute 
acids,  it  is  decomposed  into  benzoic  acid,  salirctin,  and  glu- 
cose ;  the  latter  two  compounds  result  also  from  the  decom- 
position of  salicin,  so  that  populin  really  appears  to  be  a 
combination  of  benzoic  acid  and  salicin : 

CJI„0^  +  II,0  =  C\//,0,  +  C„H,,0, 

populin  benzoic  acid       salicin 

80.  Phlorizin.— Phlorizin  CJI^fi^^^lHfi  exists  in  the 
bark  and  in  the  roots  of  most  fruit  trees,  such  as  the  apple, 
pear,  plum,  cherry,  etc.  It  may  be  extracted  by  boiling  the 
roots  with  water,  decanting  the  boiling  solution,  concentra- 
ting it,  and  allowing  it  to  stand  in  a  cool  place  for  some  time. 
The  phlorizin  deposits  on  cooling,  and  may  be  purified  by 
recrystallization,  after  decolorizing  it  with  animal  charcoal. 
When  pure,  it  forms  colorless,  silky  needles,  having  a  bitter 
taste,  and  an  aftertaste  that  is  sweet.  It  is  very  insoluble 
in  cold  water,  but  readily  dissolves  in  boiling  water  and 
alcohol.  Its  alcoholic  solution  is  levorotary.  Dilute  sul- 
phuric and  hydrochloric  acids  decompose  it  into  phloretin  and 
glucose: 

phlorizin  phloretin         glucose 

81.  Phloretin  is  a  white  substance  that  crvstallizes  in 
little  scales,  slightly  soluble  in  water,  and  very  soluble  in 


Hlcohrtl,  When  phloretin  isheatwj  with  polassum  hydrate, 
il  breaks  up  into  phloretic  add  and  phloroglui-inol,  as  is  si-en 
from  the  folhiwiny  equation: 

pUlurctm  pWorc-tic       phU.m- 
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83.  AIlhfiiij;h  the  vegutable  kingdom  is  so  rich  in  variety 
and  lioHuty  of  tints,  com  puratively  few  plants  yield  colorinjj 
matters  that  arc  sufficiently  i>t;rmanent  to  be  employed  in 
the  arts,  most  of  them  fmiing  rapidly  as  soon  as  the  plant 
dies,  since  they  arc  unable  to  resist  the  decomposing  action 
cjf  light,  oxygvn.  and  moisture,  unless  stipported  by  the  vital 
influence  in  Iho  plant;  sonii:  of  ihem  even  fade  during  the 
life  of  the  plunt,  as  may  be  seen  in  some  varieties  of  roses, 
for  instance,  that  are  only  fully  colored  in  those  parts  that 
r  .are  hidden  from  the  light.  Vegetable  coloring  matter  is 
usuiilly  divided  intn  three  tlassus;  namely,  (1)  those  t!i;it 
exist  ready  formed  in  the  plant,  such  as  turmeric  and  saf- 
flower;  {'i)  those  that  are  formed  by  the  joined  action  of 
alkalies  and  oxygen,  as  in  the  cases  of  logwood  and  archil; 
(S)  those  that  belong  to  the  class  of  glucosides. 

83.  Various  'VogrctAblo  Coloring  Matters. — Chloro- 
phyl,  or  haf  green,  is  contained,  together  with  wax  and 
other  substances,  in  the  chlorophyl  granules  that  are  found 
in  all  the  green  parts  of  plants.  Owing  to  its  inability  to 
crystallize  or  volatilize,  it  has  never  been  obtained  in  a  per- 
fectly pure  state.  It  may  be  obtained  impure  by  exhausting 
leaves  with  ether,  and  treating  the  residue  with  alcohol,  in 
which  chlorophyl  is  readily  soluble.  Chlorophji  dissolves  in 
cold  strong  sulphuric  acid  to  a  green  solution  that  gives  a 
darlf-green  precipitate  on  bcinj;  dihited.  If  the  green  pre- 
cipitate <ir  the  original  chlDrophyl  is  boiled  with  an  alcoholic 
solution  of  p<)i^LsIi,  the  solution,  when  nciitrahzed  with  hydro- 
chloric acid,  gives  a  yellow  precipitate  (phylloxanthin),  and 
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the  solution  retains  a  blue  coloring  matter  (phyllocyanin) 
that  contains  nitrogen.  It  has  been  suggested  that  the 
autumnal  color  of  leaves  might  be  due  to  the  disappearance 
of  phyllocyanin.  Green  leaves  assume  an  autumnal  tint 
when  immersed  in  chlorine.  The  blue  coloring  matter  con- 
tained in  many  flowers,  such  as  the  violets  has  been  named 
cyanin.  Acids  redden  it,  and,  hence,  only  those  flowers 
that  have  a  neutral  juice  are  blue;  red  flowers  yield  an  acid 
juice.  The  coloring  matter  of  gra^^es  and  of  red  wine  is 
probably  cyanin. 

Saffron  is  a  yellow  coloring  matt^T,  obtained  from  the 
flowers  of  Crocus  sativiis^  which  are  purple  with  yellow 
anthers.  When  these  are  dried  and  pressed  into  cakes,  they 
form  the  saffron  of  commerce,  which  has  an  agreeable  odor. 
It  is  imported  chiefly  from  Spain.  It  gives  up  to  water  and 
alcohol  a  yellow  amorphous  substance  termed  polychroite 
C^^H^fi^ — ^  glucoside  that,  when  boiled  with  dilute  sul- 
phuric acid,  yields  glucose,  crocin  C^Jl^^O^y  and  a  volatile 
oil  C^JI^fi  smelling  of  saffron. 

84,  Annaito^  or  arnotio^  is  another  yellow  coloring  matter 
that  forms  the  pulp  surrounding  the  seeds  of  Bixa  Orcllana^ 
a  West  Indian  plant.  It  is  used  for  coloring  butter  and 
cheese,  for  which  purpose,  however,  it  is  entirely  imfit,  as  it 
is  made  from  stale  urine,  and  swarms  witli  bacteria,  some  of 
which  may  be  morbific. 

Turmeric  is  the  drijd  root  of  Curcumi  loni^.i  and  Curcuma 
rotunda^  plants  cultivated  chiefly  in  Bengal.  It  contains  a 
crystalline,  yellow  b^nly,  curcuuiin  C^Jf^^O^,  n^hich  may  be 
extracted  by  boiling  with  benzene.  It  is  insoluble  in  water, 
but  dissolves  in  alcohol.  Alkalies  dissolve  it,  forming  red 
salts,  from  which  acids  throw  it  down  as  a  yellow  precipitate. 
Paper  dyed  with  turmeric  is  used  as  a  delicate  test  for 
alkalies,  which  turn  it  brown.  When  acted  on  bv  boric  acid 
and  strong  sulphuric  acid,  it  is  converted  into  rosacyanin^ 
which  crystallizes,  in  green  needles  dissolved  by  alcohol, 
with  a  red  color  that  is  changed  to  deep  blue  by  alkalies. 
Turmeric  paper  is  also  used  in  testing  for  boric  acid. 
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85.  iVc/if  is  Ihc  Rtseda  luteola,  a  plant  of  the  mignonette 
ordi/r,  the  leaves  of  which  give  a  yellow  solution  when  builed 
with  water.  The  decoction,  mixed  with  aliim  and  chalk, 
gives  a  yellow  precipitate  that  is  iised  in  paper  staining.  It 
contains  a  crystalline  yellow  body,  luteolin  f„//,.t?,,  spar- 
ingly soluble  in  water,  but  dissolved  by  alkalies  and  by 
alcohol. 

Fustic  is  a  yellow  dyestuff,  two  kinds  of  which  exist,  called 
&hi  fustic  and  young  fustic.  The  former  is  the  wood  of  a 
tree  of  the  mullwrry  order,  Morus  or  Afaclura  tinctoria, 
grown  in  tlie  West  Indies,  while  the  hitter  is  the  wood  of  tiie 
Venice  sumach  (R/tus  cot  inns),  which  grows  in  Italy  and  the 
southern  parts  of  France.  Wlien  old  fustic  is  boiled  with 
water,  the  solution  deposits  yellow  needles  of  moriii  C,^H,0, 
which  is  soluble  in  alcohol.  The  mother  liquor  of  morin, 
when  evaporated,  yields  viaclurin,  a  nearly  colorless  com- 
pound. When  fused  with  potassium  hydrate,  morin  yields 
phhroglucol,  and  maclurin  yields,  in  addition,  protocatt- 
clinic  aciri. 

Gamh'iTi'  is  a  yellow  pum  resin,  originally  obtained  from 
Camboja,  in  Asia.  It  contains  about  30  per  cent,  of  a  yellow 
gum,  soluble  in  water,  and  70  per  cent  of  resin,  soluble  in 
alcohol  and  alkalies,  called  gambodic  acid. 

Safflowcr,  which  yields  rouge,  consists  of  the  dried  flowers 
of  Carthamus  tinctorius,  which  is  cultivated  in  Egypt.  It 
contains  a  yellow  substance,  which  may  be  extracted  by 
water,  and  a  red  color,  carthamin  C„//,,Ci,,  which  may  be 
dissolved  out  by  sodium  carbonate,  and  precipitated  by 
acetic  acid.  Alcohol  dissolves  it  to  a  red  solution.  It  is 
used  in  dyeing,  but  has  the  disadvantage,  together  with 
many  other  vegetable  coloring  matters,  that  it  soon  fades. 
Brazilin  C^^H^/)^,  tlie  coloring  matter  in  Brazil  wood,  cr)-s- 
tallizcs  in  small  yellow  prisms  that  dissolve  in  alcohol  with  a 
reddish-yellow  color,  and  in  alkalies  with  crimson  color;  the 
solution  is  decolorized  by  sulphurous  acid  and  zinc  dust. 

80.  Indlj^o. — Indigo  C^^H^^N^O^  is  the  product  of  several 
species  of  plants  of  the  genus  Indigofera,  growing  in  India 
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and  South  America,  and  also  of  latis  tinctoria  and  other 
plants.  It  does  not  exist  in  these  plants  ready  formed,  but 
is  produced  by  the  decomposition  of  a  glucoside  C^^H^^NO^^^ 
called  ///  iicaHy  which  may  be  extracted  from  them  by  cold 
alcohol,  and  fonns  a  brown,  bitter  syrup,  easily  soluble  in 
water  and  alcohol.  This  substance,  when  boiled  with  dilute 
acids  or  substances  subjected  to  the  action  of  ferments,  is 
resolved  into  indigo  blue  and  indiglucin : 

indican  indigo  indiglucin 

A  substance  similar  to  indican  sometimes  occurs  in  urine, 
and  gives  rise,  by  its  conversion  into  indigo  blue,  to  a  blue 
coloration  of  the  liquid  when  left  in  contact  with  the  air  or 
treated  with  sulphuric  acid. 

In  India,  indigo  is  prepared  from  the  stems  and  leaves  of 
the  indigofera,  collected  at  the  time  of  flowering.  The  stems 
and  leaves  are  macerated  with  water  in  vats,  where  they  are 
allowed  to  ferment.  After  11  or  15  hours  the  liquid  is  drawn 
off  into  other  vats,  where  it  is  thoroughly  stirred  to  bring  it, 
as  much  as  possible,  in  contact  with  the  air,  an  oi^eraticm 
that  produces  a  blue  precipitate.  The  brown  liquid  is  then 
drawn  off,  and  the  deposit  is  boiled  in  copper  vessels;  it  is 
then  pressed  between  cloths  and  cut  into  cubical  pieces  and 
dried.  It  is  in  this  form  that  indigo  appears  in  commerce. 
It  contains  from  50  to  1)0  per  cent,  of  coloring  matter,  and 
occurs  in  pieces  the  shade  of  which  varies  from  violet  blue 
to  dense  black  blue.  Pure  indigo  is  kn(^wn  as  indi^ij^oiin  or 
indigo  bluc^  and  may  he  ol:)tained  by  heating  the  indigo  of 
commerce  in  a  current  of  hydrogen,  or  by  subliming  it  in 
small  quantities. 

Indigotin  is  insoluble  in  water,  in  cold  alcohol,  and  in 
ether,  but  dissolves  in  hot  oil  of  turpentine  and  in  aniline. 
When  carefully  heated,  in  small  quantities  at  a  time,  it 
volatilizes.  Concentrate,  or,  better,  fuming,  sulphuric  acid 
dissolves  indigo  readily  at  about  50^^  or  OO'',  forming  a  Ixiaii- 
tiful  blue  solution  that  contains  two  acids,  indigo  monosnl- 
phonic   acid  C^JI^N^O^SOJI  and   indigo   disulphonic  acid 
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C„I/,y,0,{SO,//)^.  The  solution  of  indigo  in  sulphuric  add 
is  used  iQ  dyeiny ;  it  is  prepared  by  dissolving  indigo  in  a  hot 
mixture  of  fuming  and  ordinary  sulphuric  acids,  The  blue 
Bolution  thus  obtained  is  known  aa  sulphate  of  indigo,  Saxon 
blue,  or  composition  blue.  The  precipitate  produced  by 
K^COf  in  the  solution  of  indigo  in  sulphuric  acid  is  known 
as  indigo  carmine,  and  is  much  employed  in  dyeing  animal 
fibers.  Boiling  nitric  acid  converts  indigo  into  isatinc  (see 
Art.  88).  The  concentrate  acid  converts  it  first  into  nitro- 
salicylic  acid  f,//,(A'0,)^,  and  then  into  picric  acid.  When 
heated  with  potassium  hydrate,  indigo  is  converted  into 
potassium  anthranilate : 

C,//,„vV,(7,  +  SA'(?//  =  ZC,ff,(N//,)CO,A'-i-  C, 

indigo  potassium  aathniniUite 

and  afterwards  into  aniline  C,H^A'H„  which  distils  over. 

CJ/,UV/f,)CO,K+A'0//  =  C,f/,Nf/,  +  A\CO, 

potassium  anthranilate  aniline 

The  constitution  of  indigo  is  probably  to  be  represented  by 
Ulc  formula: 

C.H.<^-^>C:C<^l^>CM. 

Indigo  has  been  synthesized  by  several  methods,  the  most 
important  of  which  is  the  one  that  prepares  the  coloring 
matter  from  aniline,  and  therefore  from  coal  tar.  Aniline 
is  heated  with  monochloracettc  acid  to  produce  phenyl  glyco- 
coll,  as  is  seen  from  the  following  equation: 

="■'''"*=  a'cTtk  add  P*-""!"  8">"^» 

This  is  heated  with  a  caustic  alkali,  the  mass  is  dissolved 
in  water,  and  oxidized  by  a  current  of  air,  when  indigo  is 
precipitated.  The  ex.-ict  chemistry  of  this  change  is  not 
known,  but  it  is  assumed  that  the  fusion  with  a  caustic 
alkah  converts  the  phenyl  glycocoll  into  pseud  o- id  ox  yl,  thus: 

%CHlC,H^NHyCO,H  =  %C,H,<^^>CH^-\-%Hfi 

phenyl  glycocoll  pseudo-idoxyl 
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This  latter  compound  is  then  oxidized  into  indigo,  as  is 
seen  from  the  following  equation : 

%CJJ,<^^>CH,->rO, 

pseudo-idoxyl 

indigo 

87.  Indigo  i;VTiite.— Indigo  white  C^Jf^^JV^O^,  or  /cue- 
indigo^  whicli  was  discovered  by  Chevreul  in  1812,  results 
from  the  action  of  nascent  hydrogen  on  indigo.  It  is  pro- 
duced when  the  latter  substance  is  submitted  to  the  action  of 
alkalme  solutions  in  the  presence  of  reducing  matter.s,  such 
as  sulphurous  or  phosphorous  acid,  hydrogen  sulphide,  zinc, 
ferrous  hydrate,  or  grape  sugar.  It  is  ordinarily  prepared 
by  introducing  a  mixture  of  indigo,  ferrous  sulphate,  slaked 
lime,  and  water  into  a  vessel  that  should  be  entirely  filled 
with  the  mixture  and  then  hermetically  scaled  and  allowed 
to  stand  for  48  hours.  A  clear,  alkaline  solution  is  thus 
obtained,  which  is  decanted,  and  supersaturated  with  hydro- 
chloric acid,  out  of  contact  with  tlie  air.  A  deposit  of  indigo 
white  is  formed;  this  is  collected  on  a  filter,  rapidly  washed 
with  boiling  water,  and  dried  in  a  vacuum.  The  compound 
thus  obtained  has  a  dirty-white  color^  and  is  tasteless  and 
odorless,  insoluble  in  water,  but  dissolves  with  a  yellow  color 
in  alcohol,  ether,  and  alkaline  solutions.  On  contact  with 
air  it  absorbs  oxygen  and  is  converted  into  indigo  blue. 

Indigo  is  largely  used  in  dyeing.  The  principle  of  its 
application  depends  on  the  conversion  of  the  indigo  blue  into 
indigo  white  by  reducing  agents.  The  reduced  indigo  white 
is  soluble  in  alkaline  solutions,  and  in  this  form  is  fi.xed  on 
the  fabrics;  it  is  reconverted  into  indigo  blue  by  exposure  to 
the  air.  The  mixture  given  above  for  the  preparation  of 
indigo  white  is  most  frequently  employed. 

88.  Isiitlne.— Isatine  r//,.V(9„  or  CJI.^^^^COH, 
was  discovered  by  Erdmann  and  Laurent  in  184:1.     It  is  the 
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prcxUict  cif  the  oxidation  of  indigo  by  chromic  or  dilute 
nitric  itcid:  ^J 

I  ad  1  go  tsuline  ^^ 

Purti  isatine  crystalliKes  sometimes  in  large,  dark,  gold- 
colored  prisms,  and  sometimes  in  small  onmge-colorcd  or 
reddish-yellow  prisms  that  have  a  brilliant  luster  and  are 
soluble  in  boiling  water  and  alcohol,  giving  brown-red  solu- 
tions. When  heated,  it  sublimes  with  partial  decomposition. 
It  dissolves  in  solutions  of  the  alkaline  hydrates,  forming 
violet  solutions  that  become  yellow  when  boiled,  the  isatine 
being  converted  into  isalic  acid;  thus; 

CJ{^NO^-<rHfi  =  C,N,JVO, 

Isatine  is  re  precipitated  by  acids  from  these  alkaline  solu- 
tions. Silver  nitrate  lulded  to  the  potash  solution  gives  a  car- 
mine-red crystalline  precipitate  of  J(7ir^  isiifine  CJ/^AgXO^. 
Isatine  forms  crystalline  compounds  with  alkali  bisulphites. 
■  When  distilled  with  a  strong  solution  of  potassium  hydrate, 
isatine  yields  iiniline,  as  is  seen  from  the  following  equation : 
C,H^NO^-\-iKOH  =  ZK,CO,-\-C^fr,N-\-H^ 

Nitric  acid  converts  it  into  nitrosalicylic  acid  and  picric 
acid.  With  chlorine  it  yields  chlorsatine  C^HJ^INO^  and 
dichlorsatine  C^HJ^IJ^O^,  which  are  also  formed  when 
chlorine  acts  on  indigo.  When  these  compounds  are  dis- 
tilled with  potash,  they  yield  monochloraniline  and  dichlor- 
aniline.  Reducing  agents  convert  isatine  into  hydroxy  isa- 
tine or  isatyde  C^^H^^N^O^. 

.    89.     Indole.  — Indole    C^H^N,   or   C,H^<^J^CH,\i 

funned  when  indigo  is  distilled  with  zinc  dust,  or  when 
nitrucinnamic  acid  CJI^NO^-CCJI  \i,  reduced  by  zinc  and 
potassium  hydrate.  It  ciystallizes  in  colorless  plates,  melts 
at  52°,  and  boils  with  partial  decomposition,  although  it  may 
be  distilled  with  steam  or  in  a  vacuum.  It  possesses  a  disa- 
greeable odor,  dissolves  readily  in  boiling  water,  alcohol,  and 
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ether,  and  has  feebly  basic  properties.  Indole  is  formed 
normally  during  the  pancreatic  digestion  by  the  breaking  up 
of  albuminoid  matters.  It  occurs,  together  with  its  methyl 
derivative,  5katoU\  in  human  excrements. 


cjiA 


90.  Skatole.  —  Skatole,   or    methyl  indole,   CJf^I^,  or 

ririj\^CII,  is  the  chief  constituent  of  the  volatile 

portion  of  human  excrements.  It  has  been  obtained  synthet- 
iciilly  in  shining  leaflets,  having  a  strong,  disagreeable  odor, 
and  melting  at  95°. 

AliBUMINOID   COMPOUITDS. 

91.  I*rotelds. — Under  this  head  are  classed  several 
nitrogenous  products  of  animal  and  vegetable  life  that  are 
neither  crystalline  nor  volatile.  They  resemble  one  another 
very  closely  in  composition,  containing  from  50  to  55  per 
cent,  of  carbon,  21  to  25.5  per  cent,  of  oxygen,  15  to  18  per 
cent,  of  nitrogen,  G.  7  to  7.3  per  cent,  of  hydrogen,  and  A  to 
1.7  percent,  of  sulphur.  The  composition  and  properties  of 
proteids  are  generally  represented  by  those  of  the  coagulated 
matter  (called  albumen)  that  exists  in  the  white  of  egg  and 
in  the  serum  of  blcxxl.  They  are  closely  related  to  the  epi- 
dermic productions  and  insoluble  substances  that  arc  con- 
verted into  gelatine  or  chondrin  by  boiling,  although  they 
differ  from  these  in  chemical  composition  as  well  as  in  many 
of  their  properties.  These  compounds  seem  to  be  the  closest 
approximation,  of  unorganized  matter  to  organized  matter, 
that  is,  to  the  living  cell,  and  they  have  therefore  teen  called 
proteids.  They  may  be  characterized  by  the  following  chem- 
ical reactions: 

Most  insoluble  albuminoid  matter,  when  brought  in  con- 
tact with  water  containing  traces  of  hydrochloric  acid,  swells 
up,  and  is  slowly  converted  into  a  transparent  jelly  that  is 
partially  soluble  in  water. 

Hot  concentrated  hydrochloric  acid  dissolves  albuminoid 
matters,  the  former  assuming  a  dark-blue  or  violet  color. 


Nitric  acid  colors  albtttniiuMd  matter  yellow. 

Albuminoid  substances  are  precipitated  from  neutral  a 
slightly  alkaline  aqueous  solntiona  byalcotu^  *ai^n^  phend, 
and  a  number  of  metallic  salts,  as,  for  inatance,  those  of 
mercury,  lead,  and  cc^per.  The  albuminoid  precipitate 
thrown  down  by  a  copper  salt  is  KdaUe  in  a  coDoentrste 
solati<m  of  potassium  hydrate,  wheieby  the  liquid  assumes 
a  beautiful  violet  color. 

.  Millon'a  re^^ent,  conasting:  of  a  solntioa  <A  mercuric 
nitrate  in  dilute,  nitric  acid,  assumes  a  red  color  when  boiled 
with  albuminoid  matter. 

All  albuminoid  substances  are  levorotary,  but  their  optical 
activity  varies  considerably.  The  insoluble  albuminoid  mat- 
ter, such  as  coagulated  albumen,  fibrin,  and  casein,  dissolves 
in  hot  potassium-hydrate  solution.  It  is  impossible  tosnb* 
ject  the  prgteids  to  an  exact  chemical  classification,  but  they 
may,  however,  be  «»iTeDtently  arranged  as  follows: 

1.  True  albumins,  which  are  soluble  in  pure  water  and 
co^ulable  by  hsat,  of  which  egg  albnmen  and  serum  albu- 
min are  characteristic  representatives. 

2.  Globulins^  which  are  insoluble  in  water  and  soluble  in 
neutral  salts  solution,  such  as  sodium  chloride,  the  solutions 
coagulating  by  Iieat.  The  albumen  in  the  yolk  of  eggs  is 
the  best  known  representative  of  this  group. 

3.  Fibrins,  which  are  insoluble  in  water  and  which  swell 
up  in  solutions  of  dilute  acids  and  neutral  salts;  blood  fibrin 
and  gluten  fibrin  are  the  most  characteristic  types, 

4.  Coagulated  albumins;  these  substances  are  insoluble  in 
water  and  are  only  slightly  swelled  up  by  acid  and  neutral 
alkaline  solutions. 

5.  Amyloid,  which  is  insoluble  and  is  colored  violet, 
brown,  or  red,  by  iixline. 

r..  Acid  aUnimms,  which  arc  insoluble  in  water,  alcohol, 
or  neutral  alkaline  sohitious,  but  soluble  in  acid  and  alkaline 
solutions.  It  should  b-j  here  remarked  that  a  small  quantity 
of  calcium  carbonate,  suspended  in  water,  prevents  their 
solution. 

7.     Alkali  albumins  are  only  slightly  soluble  in  water, 
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alcohol,  and  saline  solutions,  but  they  are  soluble  in  water 
holding  calcium  carbonate  in  suspension. 

8.  AlbiimoscSy  which  are  really  transition  products 
between  the  preceding  bodies  and  the  peptones;  they  are 
soluble  in  a  dilute  solution  of  sodium  chloride. 

9.  Peptones  are  compounds  that  are  very  soluble  in  water, 
not  coagulablc  by  heat,  and  not  precipitated  from  solutions 
by  acids  or  salts. 

10.  True  proteidsy  which  may  be  decomposed  into  an 
albuminoid  body  with  some  other  substance,  such  as  hemo- 
globin, casein,  etc. 

11.  Albuminoids^  which  are  insoluble  matters  that  in 
general  are  not  dissolved  by  the  digestive  juices. 

12.  Gelatinoids,  which  readily  dissolve  in  hot  water  with- 
out alteration ;  of  these,  golatine  is  the  best  known  represent- 
ative. 

13.  Spongy  matters,  such  as  compose  sponge. 

A  few  of  the  more  important  of  these  bodies  will  be  briefly 
considered  here. 

93,  Albumin. — Albumin,  or  white  of  egg,  C^JT^^^N^jO^^S 
may  be  extracted  from  the  aqueous  s:)lutioa  contained  in  the 
c&R»  by  stirring  it  briskly  to  break  up  the  membrane,  adding 
a  little  acetic  acid  to  neutralize  the  s  )da  present  in  the  white, 
filtering,  placing  for  VI  hours  on  a  dialyzer  to  s?p:irate  the 
sodium  chloride  and  acetate,  evaporating  the  contents  of  thj 
dialyzer  below  50*^,  powdering  the  residue,  and  treating  with 
ether  to  extract  fatty  matters.  The  albumin  so  prepared  is 
an  amorphous  solid,  of  vSp.  Gr.  1.31.  When  heated,  albumin 
swells  up,  carbonizes,  and  evolves  offensive  alkalino  vapors, 
usually  leaving  a  slightly  alkaline  ash  containing  a  trace  of 
calcium  phosphate,  which  is  very  difficult  to  separate  com- 
pletely. In  cold  water,  albumin  becomes  soft  and  finally 
dissolves,  like  gum;  if  this  solution  is  heated  to  about  70°, 
the  albumin  is  converted  into  an  insoluble  form,  becoming  a 
white,  soft  solid,  as  in  boiled  eggs,  if  the  albumin  amounts 
to  12  per  cent.,  and  a  flocculent  i)recipitate  if  the  vSolution  is 
diluted.     The  eoagnlatcd  albumin  is  not  easily  dissolved  by 
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acids  or  alkalies,  and  it  is  believed  to  be  the  anhydride  of 
soluble  albumin,  for  i£  it  be  heated  with  water  in  a  sealed    I 
tube  to  above  150°,  it  is  dissolved  to  a  reddish  liquid,  which    I 
behaves  like  a  solution  of  ordinary  albumin,  but  is  not  coag-    I 
ulated  by  heat.    Raw  white  of  egg  is  inodorous  and  docs  not     I 
blacken  silver;    but,  after  boiling,  it   sniells   of  H^S,  and     i 
blackens  silver,  showing  that  it  suffers  sonic  decomposition     | 
during  coagulation.     When  tried,  the  coagulated  albumin     I 
forms  a  translucent  brittle  mass  that  becomes  white  and 
opaque  in  water.     The  soluble  form  of  albumin,  completely 
dried  below  60°,  may  afterwards  be  heated  to  100",  without 
becoming  insoluble. 

Sulphuric,  nitric,  and  hydrochloric  acids  precipitate  albu- 
min in  thick  flakes,  which  retain  a  certain  quantity  of  acid; 
tlie  latter  may  be  removed  by  prolonged  washings  witli 
water,  the  residue  constituting  ac/if  (i/i!^a>«/«.  The  action  of 
nitric  acid  on  albumin  is  often  used  for  the  detection  of  that 
substance  in  pathological  urine  (see  Art.  79,  Qiialilalh'f 
Analysis,  Part  2).  When  white  of  egg  is  beaten  up  with  a  ■ 
fi'w  drops  of  a  very  concentrate  solutlati  of  potassium  hydrate, 
it  sets  in  a  few  minutes  in  a  soft,  transparent,  semisolid  mass, 
from  which  the  excess  of  potassium  hydrate  may  be  removed 
by  washing  with  cold  water.  The  residue  is  albuminate  of 
potassium,  which  readily  dissolves  in  boiling  water.  Acetic 
acid  precipitates  from  the  solution  an  alkali  albumin,  which 
may  be  freed  from  salts  by  dialysis.  Coagulated  albumin  dis- 
solves in  alkalies  and  alkaline  carbonates,  forming  albumin- 
ates. Albumin  combines  with  calcium  hydrate,  as  with 
potassium  hydrate. 

Many  salts  precipitate  solutions  of  albumin.  Acetate  and 
subacetate  of  lead  form  dense  precipitates  of  albuminate  of 
lead.  Cupric  sulphate  produces  a  blue  precipitate,  and  mer- 
curic chloride  yields  a  dense  white  precipitate,  even  in  verj' 
dilute  solutions  of  albumin.  The  insolubility  of  this  pre- 
cipitate explains  the  use  of  the  white  of  egg  as  an  antidote 
to  corrosive  sublimate  (see  Art,  190,  Inorganic  Chemistry, 
P.art  4).  Sohitions  of  albumin  are  not  precipitated  by  solu- 
tions of  sodium  chloride  or  sodium  sulphate,  but  when  acetic 


§  15  ORGANIC  CHEMISTRY.  61 

acid  is  added  to  the  mixture,  a  precipitate  is  formed.  Recip- 
rocally, a  solution  of  albumin  to  which  acetic  acid  has  been 
added  is  precipitated  by  adding  a  solution  of  sodium  chloride 
or  sodium  sulphate. 

The  putrefaction  of  the  albumins  gives  rise  to  the 
ptomaines  and  toxincs;  such  poisonous  products  are  also 
formed  by  the  bacilli  of  diseases  like  diphtheria,  and  it  is 
on  the  introduction  into  the  system  of  antidotes  (antitoxines) 
derived  from  animals  that  have  been  able  to  survive  the 
poisons,  that  the  principle  of  inoculation  depends. 

93.  Globulin  and  Fibrin.  —  The  name  globtdin  has 
been  given  to  the  coagulable  albuminoid  that  can  be  obtained 
from  red-blood  corpuscles.  It  resembles  albumin  in  many 
of  its  properties,  but  coagulates  completely  only  at  90°. 
Neither  acetic  acid  nor  alkalies  precipitate  it,  but  carbon 
dioxide  throws  it  down  from  its  solution.  When  recently 
drawn  blood  is  left  to  itself,  it  coagulates  spontaneously  in  a 
very  short  time,  and  soon  separates  into  a  yellow  liquid, 
called  seruw,  and  a  red  coagulum,  which  is  the  clot.  The 
clot  contains  the  red  corpuscles,  surrounded  by  an  insoluble 
albuminoid  matter.  This  matter  is  fibrin;  it  is  formed  by 
the  reaction  of  two  globulins  that  exist  in  solution  in  the 
liquid  portion  of  the  blood,  which  is  called  plasma.  One  of 
these  substances  is  known  as  fibrinogen;  the  other  is  scrum 
globulin.  These  two  bodies  have  been  isolated;  when  they 
are  mixed  in  the  presence  of  water  and  a  certain  portion  of 
sodium  chloride,  the  w^hole  dissolves  at  first,  and  the  liquid 
soon  coagulates  spontaneously;  the  coagulum  is  fibrin. 
When  left  to  itself  during  the  heat  of  summer,  fibrin  putrefies 
very  rapidly,  and  is  converted  into  a  blackish  liquid  that  con- 
tains albumin,  leucine  and  butyric  and  valeric  acids  being 
formed  at  the  time.  Wlicn  treated  with  hydrochloric  acid, 
fibrin  dissolves,  forming  a  blue  solution.  When  moist  fibrin  is 
introduced  into  water  containing  a  mere  trace  of  concentrated 
hydrochloric  acid,  it  swells  and  becomes  transparent,  forming 
a  jelly.  After  some  time  it  dissolves  in  the  liquid,  although 
with  difficulty,  and  the  solution  contains  an  acid  albumin, 
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known  as  sjmtoni$i.  Dilute  sodium  chloride  solutions  dissolve 
fibrin.  When  such  a  solution  is  dtalysed^  most  of  the  salt 
passes  into  the  exterior  liquid,  and  there  remains  in  the 
dialyzer  a  limpid  solution  of  the  two  glotmlin%  coagulable  by 
heat,  and  jMresenting  many  of  the  properties  of  f^x  slbnmin. 

04«  Myosin. — Myosin  separates  from  muscle  plasma  (the 
Uqttid  contained  in  living  musde)  after  d^ith,  produdsg 
rig&r  imartis.  It  may  be  i»epfiied  from  chopped  flesh  by 
tritumting  the  flesh  to  a  pulp  with  common  salt,  adding 
9  parts  of  water  for  1  of  sdt,  digesting  for  some  time  at  W, 
pressing  through  linen,  and  filterings  the  myosin  is  precipi- 
tated on  adding  much  water,  or  by  saturating  it  with  salt 

05.  Peptones. — ^The  gastric  juice  dissolves  eqilrulated 
albumin  digested  with  it  at  about  87%  and  the  solution  is 
not  precipitated  by  potassium  ferrocyanide  nor  coagulated 
by  heating.  In  this  condition  albumin  is  said  to  have  been 
peptonized  or  c<mverted  into  peptcne.  The  ooi^tituent  of 
the  gastric  juice  that  produces  this  diange  is  termed  pepsin^ 
and  may  be  precipitated  from  the  juice  by  alcohol.  It 
resembles  albumin  in  composition,  but  it  is  much  less  sub- 
jected to  putrefaction.  When  dissolved  in  dilute  hydro- 
chloric acid,  it  yields  a  mixture  that  peptonizes  most  albumin- 
oids if  digested  at  about  40^  The  pepsin  prepared  from 
the  stomach  of  pigs  and  other  animals  is  administered 
medicinally  to  aid  digestion. 

96.  Hemoglobin  and  Oxyliemogrlobln. — The  coloring 
matter  contained  in  the  red  globules  of  the  arterial  blood  is 
called  oxyhemoglobin^  and  closely  resembles  albumin  in  com- 
position, except  that  it  contains  less  sulphur  and  some  iron; 
its  composition  is 

Carbon 6  4.1  8 

Hydrogen 7.2  0 

Nitrogen 1  6.0  0 

Oxygen 2  1.5  0 

Iron .4  2 

Sulphur 7  0 

1  0  0.0  0 
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Oxyhemoglobin  is  usually  obtained  in  an  amorphous  condi- 
tion, but  from  the  blood  of  human  beings  and  some  animals, 
as,  for  instance,  dogs,  cats,  rats,  mice,  and  many  fish.  It  can 
be  separated  in  the  crj-stalline  form.  The  crj'stals  generally 
belong  to  the  type  of  right-rhombic  prisms,  but  differ  accord- 
ing to  the  blood  from  which  they  are  obtained.  Those  from 
human  blood  present,  under  the 
microscope,  the  forms  shown  i: 
Fig.  6.  These  crystals  contain  I 
oxygen  in  a  loosely  combined 
form,  which  they  evolve  when 
exposed  in  a  vacuum,  es]>ecially 
if  warmed,  becoming  ilius  con- 
verted into  luinoglobin,  which 
again  absorbs  oxygen  on  expo- 
sure to  aax;  this  change  is  at- 
tended with  the  production  of 
a  much  brighter  red  color,  and 
with  a  difference  in  its  action  \'v^.  o. 

on  transmitted  light,  for  if  white 

light  be  allowed  la  pass  through  the  solution  of  oxyhemo- 
globin contained  in  a  test  tube  placed  before  the  slit  of  the 
spectroscope,  the  green  portion  of  the  spcctnira  is  seen  to 
be  crossed  by  two  black  bands,  which  are  also  seen  when 
arterial  blood  is  employed,  while  the  solution  of  hemoglobin 
exhibits  only  one  band  in  the  middle  of  the  green,  which  is 
also  seen  when  venous  blood  is  employed.  The  difference 
in  the  absorption  s]}cctriim  is  best  shown  by  reducing  the 
solution  of  oxyhemoglobin  with  a  little  ferrous  sulphate, 
mixed  with  turtaric  acid  and  ammonia  in  excess.  The  oxy- 
gen of  oxyhemoglobin  is  also  displaced  by  pjissing  hydrogen 
or  carbon  dio.xide  through  it,  hemoglobin  being  left,  and  the 
color  changing  from  red  to  purple,  Oxyhemcglobin,  when 
shaken  with  carbon  monoxide  gas,  parts  with  its  oxygen  and 
absorbs  an  equal  volume  of  carbon  monoxide,  its  color 
changing  to  purple.  The  compound  of  hemoglobin  and 
carbon  monoxide  may  be  obtained  in  bluish-red  crystals. 
When  solution  of  oxyhemoglobin  is  heated  above  70",  it  is 
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decomposed   into  albumin,  which  coagulates,  and   another 
red-coloring  malter  known  as  hematin. 

97.  Hematin. — Hematin,  which  lias  Uie  formula 
C._Jf,^N^FfOy,  is  formed  when  oxyhemoglobin  is  decomposed 
by  acids.  If  a  sohition  of  that  substance,  mixed  with  a  little  j 
sodium  chloride,  is  evaporated  over  sulphuric  acid  to  a  thick  j 
liquid,  mixed  with  fifteen  times  its  volume  of  glacial  acetic  1 
acid,  and  heated  on  a  steam  bath  for  several  hours,  it  yields,  i 
on  cooling,  flat  rhombic  prisms  of  hematin  hydrochloride  of  j 
dark  violot-red  color  and  metallic  luster,  oontaining  single  ) 
molecules  of  hematin  and  hydrochloric  acid.  The  formation  1 
of  these  crystals  has  been  employed  for  the  identification  of  J 
blood  stains,  the  suspected  matter  being  placed  on  a  micro-  1 
scope  slide,  a  little  sodium  chloride  added,  and  glacial  acetic  J 
acid  allowed  to  run  under  the  cover  glass;  on  heating  till  \ 
bubbles  appear,  and  cooling,  the  dark-red  hematin  hydro-  ', 
chloride  crystals  become  visible.  ' 

1)S.  ("n-soln.— ^Whcn  an  acid  is  added  to  milk,  a  thick 
precipitate  of  casein  is  at  once  formed.  The  lactic  acid  that 
forms  in  milk  by  the  fermentation  of  the  milk  sugar  pro- 
duces the  same  precipitation.  The  milk  is  then  said  to 
curdle.  Casein  dissolves  in  alkaline  liquids  and  even  in 
certain  alkaline  salts,  such  as  carbonate  and  phosphate  of 
sodium.  It  exists  in  this  state  in  the  milk,  which  is  alkaline 
when  fresh.  When  this  solution  of  alkaline  albuminate,  to 
which  the  name  "soluble  casein "  has  been  given,  is  evap- 
orated, it  becomes  covered  with  a  pellicle.  Acetic  acid 
precipitates  casein  in  flakes,  combining  with  the  alkali.  A 
distinct  property  of  casein  is  its  coagulation  by  rennet,  the 
mucous  membrane  of  the  stomach  of  the  calf,  a  small  quan- 
tity of  which,  or  of  its  solution  in  brine,  coagulates  the  casein 
in  a  large  quantity  of  milk ;  the  coagulation  does  not  appear 
to  depend  on  the  formation  of  lactic  acid,  but  on  a  specific 
action  of  the  rennet;  the  curd  thus  produced  contains  cal- 
cium and  magnesium  phnsphales,  and  is  not  easily  soluble 
in  sodium  carbonate.     The  casein  of  milk  is  more  readily 
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coagulated  by  acids  and  rennet  when  the  milk  is  warmed, 
hence  milk  that  has  undergone  very  slight  fermentation  is 
curdled  when  heated,  but  if  fresh  milk  is  heated  to  boiling, 
the  decomposition  will  be  prevented. 

99,  Lcgumviy  or  vegetable  easein,  occurs  in  peas,  beans, 
and  most  leguminous  seeds.  It  may  be  obtained  by  crush- 
ing and  digesting  jxias  in  warm  water ;  the  resulting  turbid 
liquid,  holding  starch  in  suspensi(jn,  is  allowed  to  settle, 
and  is  then  filtered.  Acetic  acid  is  added  to  the  filtrate, 
w-hich  precipitates  the  Icgumin,  and  this  is  filtered  off  and 
purified  from  fat  by  washing  with  alcohol  and  ether.  Legu- 
min  closely  resembles  casein  in  its  properties,  being  coagu- 
lated by  rennet  and  its  solution  forming  a  jxilliclc,  when 
heated;  but  slightly  differing  from  casein  in  composition, 
Icgumin  containing  about  1  per  cent,  more  of  nitrogen,  and 
only  half  as  much  of  sulphur  as  casein. 

100,  Gelatine. — The  bones  contain  a  cartilaginous  sub- 
stance, which  may  be  isolated  by  dissolving  out  the  mineral 
salts,  that  consists  of  calcium  carbonate  and  phosphate,  with 
hydrochloric  acid.  There  remains  a  semi  transparent,  elastic 
substance  that  retains  the  form  of  the  bone.  This  sul^stance, 
which  has  been  called  ossein,  or  eollageiu\  is  ins()lu])le  in  cold 
water,  but  by  prolonged  boiling,  or,  more  rapidly,  by  digest- 
ing with  water  heated  above  100'^,  it  dissolves  and  forms  a 
solution  that  sets  into  a  transparent  jelly  on  cooling.  It  con- 
sists of  50  per  cent,  carbon,  "i}').?  per  cent,  oxygen,  17.7  per 
cent,  nitrogen,  and  0  (;  ]x?r  cent,  hydrogen,  numbers  that 
approximate  to  C ^Jf^^N^^O ^^\  its  molecular  formula,  how- 
ever, has  not  been  finally  determined,  because  it  cannot  be 
converted  into  vapor  and  does  not  form  well  defined  com- 
pounds with  other  l)odies.  The  body  formed  by  the  trans- 
formation indicated  al)ove  dissolves  slightly  in  cold  water, 
and  abundantly  in  boiling  water,  and  the  hot  solution  forms 
a  jelly  on  cooling,  hence  the  name  gelatine.  Other  tissues 
of  the  animal  economy  may  be  converted  into  gelatine  by 
boiling  with  water.     It  is  s<j  with  the  cellular  tissue,   the 


:  bladder  of  fish.  The  svim- 
KufSVon,  known  in  commerce  as 
rery  pwre  frdatinc  on  boiling  «-ith 
ItabcUiKcs  thai  may  he  converted  into  gelatine 
poness  very  tunarly  the  suiue  cutupositioii  as  gelatine  itseU, 
hence  nothing  prcci»;  is  knon-n  concerning  the  natnre  of 
the  change  produced  in  them  bj-  tb<;  action  of  tbe  boiling 
water. 


101.     Dry  gclattne 
,  varying  in   ouio. 
i  to  their  purity  h 
tion  of  gelatine  is  prcctpi 
Tbe  adds,  except  unnic  m 
tannic  acid  it  forms  a  th... 
taiuun  and  gelatine.     This  ~ 
matter  is,  as  has  been  previoi 
manufacttirc  of  leather,  whic 
or  green  skins,  previously 


more  or  less  transparent 
t'cllowrish  to  dark  brown, 
kness.  The  aqueous  solu- 
n  white  flakes  by  alcohol, 
not  precipitate  it,  but  with 
agulum,  a  combination  of 
n  of  tannin  on  gelatinous 
mentioned,  applied  in  the 
obtained  by  leaving  fiesh 
d  by  snaking  in  water,  in 


intact  with  tan,  that  is,  coarsely  ground  oak  bark,  which  is 
well  known  to  contain  considerable  tannin.  When  chlorine 
water  is  added  to  a  solution  of  gelatine,  a  white  cloud  is 
fDmicd,  which  an  excess  of  chlorine  converts  into  a  white, 
floccnlcnt  precipitate.  Solutions  of  gelatine  are  precipitated 
by  platinic  chloride  and  by  mercuric  chloride,  but  not  by 
alum  or  the  salts  of  lead,  copper,  silver,  etc.  When  boiled 
with  dilute  sulphuric  acid,  gelatine  is  converted  into  leucine 
and  glycocoll. 


<'i.(>rtT;n-riiATX  roMPOirNDS  in  which  n,  o,  ok  5 

AI'PEAIW  AS  FAUT  OF  TIIK  NUCLEUS  RING. 

10^.  A  few  compounds,  which,  strictly  speaking,  belong 
to  this  class,  have  hcun  already  treated  on,  some  of  which 
are  succinic  anhydride  and  the  various  lactones.  These  are, 
howgvcr,  more  of  the  nature  of  open-chain  derivatives  than 
are  those  that  remain  to  be  dealt  with.  The  prototypes  of 
these  compoimds  aie  furfuranc,  thiophcne,  and  pyrrol,  which 
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are  believed  to  possess  constitutions  expressed  by  the  follow- 
ing formulas: 

CHiCH^  CH\CH^  CH:CH^ 

I  yo      I         >5      I         \nh 

CM:  CH"^  CII:  CH"^  CII:  CIV 

furfurane  thiophene  pyrrol 

They  resemble  benzene  in  that  they  yield  derivatives  simi- 
lar to  those  of  that  hydrocarbon,  and,  as  a  whole,  show  little 
inclination  to  form  addition  products  with  the  halogens.  In 
fact,  the  arguments  that  led  to  the  closed-chain  formula  for 
benzene  (see  Art.  93,  Organic  Chemistry^  Part  1)  are  equally 
applicable  to  these  compounds. 

Two  classes  of  monosubstitution  products  are  known  from 
these  compounds — the  a  derivatives,  which  contain  the  sub- 
stituent  attached  to  a  carbon  atom  adjacent  to  the  (9, 5,  or  iV, 
and  the  j3  derivatives,  in  which  a  hydrogen  atom  of  one  of 
the  far  carbon  atoms  has  been  displaced.  A  third  class  is 
possible  in  the  case  of  pyrrol,  for  the  //of  the  iV// group  can 
be  substituted.  The  possible  didcrivativcs  are  more  numer- 
ous than  in  the  case  of  benzene;  their  orientation  is  expressed 
by  numbering  the  near  carbon  atoms  1  and  4  and  the  far  car- 
bon atoms  2  and  3. 

103.  Furfui-ane. — Furfurane  C^Hfi  is  contained  in 
pine  tar.  It  boils  at  32°,  is  insoluble  in  water,  but  miscible 
with  alcohol  and  ether.  It  is  a  colorless  liquid,  with  an  odor 
resembling  chloroform.  Its  most  important  derivative,  fur- 
furol  C^Hfi'CIIOy  has  been  considered  in  Art.  63,  Organic 
Chemistry^  Part  2. 

104.  Thiophene. — Thiophene  C^H^S  is  invariably  pres- 
ent in  commercial  benzene,  but  its  isolation  from  this  source 
offers  considerable  difficulty;  a  very  pure  product,  however, 
may  be  obtained  synthetically  by  heating  a  mixture  of  dry 
sodium  succinate  and  phosphorus  trisulphide.  Thiophene  is 
a  colorless,  mobile  liquid,  its  specific  gravity  is  1.06  at  23°, 
and  it  boils  at  84°.  It  smells  like  benzene,  and  yields  a  blue 
color  when  mixed  with  isatine  and  strong  sulphuric  acid ;  this 
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leactioti — due  to  the  forraatioa  of  indopbenine  C,^,NOS— 
ser\-e3  to  detect  tbtu[>hciM:  in  benzene. 

Of  the  homologacs  oi  tbiopJieiiG,  thiotolenes  C^H^{CH^S 
and  ihioxcnes  CH^(CH^,S  occur  in  coal  tar.  Having  nearly 
the  same  boilinfr  points  as  the  corn:sp(im1ing  benzene  deriva- 
tives, they  ^cnnmUte  in  the  fractions  constituting  commer- 
cial toluene  and  xylene. 

1 05.  I*yrtoI.— Pyrrol  C,//,X//  is  a  fceblcbase,  occurring 
in  coal  lar  ;tn«l  l>o«e  oil,  and  is  produced  in  the  dry  distilla- 
tion of  ammonium  mocate.  When  freshly  prepared  it  is  a 
colorless  liquid  tliat  turns  brown  when  exposed  to  the  air; 
it  boils  at  i:i!%  and  its  odor  n;sembles  that  of  thlorofoni!. 
It  i&  insolnblc  in  water,  but  mixes  readily  with  alcohol  and 
ether.  Metallic  [xitassitini  converts  it  into  potassium  pyrrol 
C,/f^{XK),  a  crj'slalline  body  iliat  is  decomposed  by  water 
into  pj'TTol  nml  potassium  hydrate.  When  treated  with 
nascent  hydrogen,  pyrrol  is  reduced  \.o pyrrdinc  C^HJ^^II),  :i 
r-,Etrong  base  that  boiisat  91',  By  beating  this  base  with  hydri- 
■  odic  acid,  it  talces  up  more  hydrogen  and  is  converted  into 
pyrroUiUm  CJIj^XH),   an  aliiaHne  liquid  that  boils  at  83°. 

The  most  characteristic  test  for  pyrrol  consists  In  exposing 
to  its  vapor  a  pine  shaving  moistened  with  hydrochloric  acid, 
which  soon  assumes  a  red  color. 

pyrrol  as  pyridine  (sec  Art.  109)  is  to  benzene;  that  is  to 
siiy,  it  contains  .Viu  place  of  CH.  It  is  a  feeble  base,  and 
crj'stallizes  in  needles. 

107.  AiitipyruH-  CJT^J\\0,  also  known  as  pyrazolone, 
is  prepared  by  heating  etiiyl  :ice to- acetate  with  phenyl 
hydrazine,  and  further  liiating  tlic  product  with  methyl 
iodide  and  methyl  alcohol.  It  crystallizes  in  white  plates, 
melts  at  1311°,  and  is  very  soluble  in  water.  It  has  a  bitter 
taslc,  ai;d  is  used  in  medicine  :is  a  preventative  of  fever. 

Among  the  most  important  members  of  this  class  of  carbon 
compounds    are    the    substances   pyridine,    qiiinoline,    and 
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acridinc.  These  may  be  regarded  as  ai:alogous  in  constitution 
to  benzene,  naphthalene,  and  anthracene,  respectively,  con- 
taining, in  each  case,  N  in  place  of  Cll.  Their  graphical 
formulas,  shown  in  Fig.  7,  will  make  this  clear. 

BJC  C — iV— C  CB 

I  II         I         II  I 

BC  c  —  e  —  C  CB 

B  B 

acrid  ine 
Fui.  7. 

They  behave  towards  reagents  in  a  manner  which  indi- 
cates that  they  are  closed-chain  compounds  (see  Art.  9^2, 
Organic  Chemistry^  Part  1),  and  a  study  of  their  substitution 
products  shows  that  the  numlx^r  of  position  isomerides  that 
has  been  prepared  is  in  accord  with  that  prophesied  on  the 
supposition  that  the  above  formulas  represent  the  constitu- 
tion of  the  parent  compounds.  An  insixjction  of  the  formu- 
las shows  that  there  should  be  three  isomeric  monosubstituted 
pyridines,  seven  isomeric  monosubstituted  quinoles,  and 
{\\Q.  monosubstituted  acridines.  The  orientation  is  expressed 
similar  to  that  of  the  corresponding  hydrocarbons,  the  N  in 
pyridine  being  1  and  that  in  quinoline  1'. 

108,  Pyridine  IJtises. — These  buses,  metameric  with 
aniline  and  its  homologues,  are  found  in  coal  tar,  naphtha, 
and  in  the  offensive  smelling  oil  known  as  DippcVs  animal 
oii,  which  is  obtained  by  distilling  bones,  from  which  they 
may  be  extracted.  They  :ire  all  liquids  at  ordinary  tempera- 
ture, possess  an  extremely  offensive  odor,  and  belong  to  the 
class  of  tertiary  monamines  (see  Art.  75,  Organic  Chcin- 
istry^  Part  3).  They  are  separated  from  each  other  by 
fractional  distillation.  Their  names,  formulas,  and  boiling 
points  are  given  below: 

pyridine  GM.V  115'  Parvoline  G//,3.V  188° 

Picoline  CM,^'  ISC'*  Coridinc  C,Mx,y  2ir 

Lutidine  C,H,N  14-r  Rubidine  C^JI^.y  230 

Collidine  CM,,N  179**  Viridinc  C^Hy^N  251 


o 
mo 
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P)rridine  liases  arc  frequently  present  in  commercial 
luninunifi,  and  cause  it  to  become  pink  when  neutiulizcU 
with  hydrochloric  acid. 

100.  PyriiUne  CJf^N,  besides  being  formed  in  the  distil- 
lation of  boncii,  may  be  obuiincd  in  several  other  ways.  Great 
interest  has  been  anmsed  in  the  substauee  and  its  deriva- 
tives by  the  obiiervation  that  several  of  the  alkaloids  that 
occur  in  nature,  such  as  quininv,  nicotine,  einchonine,  and 
others,  when  oxidised,  jield  adds  conlaininj^  nitrogen,  which 
bear  to  pyridine  the  same  relatitms  that  benzoic,  phthalio 
acids,  etc.  bear  to  beniicnc.  Thus,  by  oxidizing  uicotioc, 
nicotinic  add  C",//,AV,  is  obtained,  and  when  this  compoiind 
is  distilled  with  lime,  it  breaks  up  into  pyridine  and  carbon 
dioxide: 

r,//,.w,  =  ry/.-v-f  co, 

nicntiDic  acid      pjrridmc 

This  uaturally  leads  to  the  conchmion  that  nicotinic  acid  is 
pyridinc-carbonic  add  C^/f,.V-CO^f/,  which  bears  to  pyridine 
Itic  same  relation  that  bcnsoic  acid  bears  to  benzene,  acetic 
acid  to  nian^h  gas,  etc.  It  is  a  colorless  liquid,  having  a 
characteristic  smell  and  a  six;cific  gravity  of  .986  at  0°.  It 
boils  at  115°,  and  is  soluble  in  water  and  alcohol.  It  is  an 
energetic  base,  forming  deliquescent  salts.  Sodium  converts 
it  into  a  jxilymeridc  dipyridine  C„II„!^y 

Piljeridine,  or  hcxahydropyridine,  CJI„!^,  which  is  a 
stroLig  base  that  forms  salts  with  acids,  is  formed  by  the 
action  of  sodium  on  a  hot  alcoholic  solution  of  pyridine;  it  is 
a  colorless  litjuid,  with  a  faint  odor  suggesting  pepper,  that 
boils  at  10G°,  and  is  soluble  in  both  water  and  alcohol.  The 
remaining  pyridine  bases,  all  of  which  exist  in  more  or  less 
numerous  isomeric  modifications,  reed  not  be  described  here. 

110.  Quiiiolino  Bft-sos. — QuinoHne  bases  occur  in  bone 
oil  and  coal  tar;  three  bases  of  this  series,  namely,  guiiiollne 
r,//,-V.  UpUUne  C„H,y,  and  cryptidine  CJf^^N,  are  also 
produced  by  the  distillation  of  quinine  and  a  few  other 
natural  alkaloids  similar  to  the  pyridine  bases.     These  and 
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other  bases  isomeric  with  them  pass  over  when  coal  tar  or 
bone  oil  is  distilled,  after  the  pyridine  bases,  at  about  200°. 
They  are  oily  liquids,  insoluble  in  water,  but  soluble  in  alco- 
hol and  ether.  They  are  tertiary  amines,  yielding  ammo- 
nium bases  when  treated  with  moist  silver  oxide. 

111.  QuinolinCy  or  chinolinCy  CJI^N  may  be  prepared 
synthetically  by  a  method  that  was  discovered  by  Skraup, 
and  which  consists  in  heating  aniline  and  glycerine  in  the 
presence  of  sulphuric  acid  and  nitrobenzene: 

aniline         glycerine 

The  sulphuric  acid  aids  the  condensation  by  its  dehydra- 
ting action,  and  the  nitrobenzene  plays  the  part  of  an  oxidi- 
zing agent.  Quinoline  is  a  colorless,  mobile  liquid  with  an 
odor  suggesting  tar;  its  specific  gravity  is  1.08,  it  has  a 
boiling  point  of  2*38°,  and  it  is  only  sparingly  soluble  in 
water.  Quinoline  combines  with  amyl  iodide  to  form  a  com- 
pound that,  when  heated  with  potash,  yields  a  fine  blue 
color,  soluble  in  alcohol,  and  known  as  quinoline  cyaninc^  or 
quinoline  blue.  A  similar  blue  color  is  obtained  with  lepi- 
dine,  and  a  mixture  of  the  two  has  been  used  for  dyeing  silk. 

113.  Acricllno  Dases. — Acridine  C^^f/^iV  occurs  in 
crude  anthracene,  in  which  it  may  be  recognized  by  its 
giving  a  fluorescent  solution  in  dilute  acids,  and  from  which 
it  can  be  precipitated  by  potassium  bichromate;  it  crystal- 
lizes in  colorless  needles,  melts  at  110°,  and  readily  sublimes, 
yielding  a  very  irritating  vapor.  Acridine  is  obtained  syn- 
thetically by  heating  diphenyl  amine  with  formic  acid  in  the 
presence  of  a  dehydrating  agent : 

diphenyl  amine  formic  acid  acridine 

Several  dyestuffs,  such  as  chr}'saniline,  or  phosphine,  and 
acridine  yellow,  are  substitution  products  of  acridine  homo- 
logues. 
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ITBIC  ACID    AND    ITS    DEKIVATmiS. 


co<'l 


-Uric     acid     C.Z/.A'.t?..    or 
yf>CO,  was  discovered  by    Schtele;  its 


113.      VrlK      Acld.- 

-NH CM/^ 

numerous  metamorphoses  were  ihc  subject  of  a  classic 
research  by  Liebigand  WHIiler,  iuiil  they  have  been  more 
recently  studied  by  Hacyer  and  other  chemists.  Uric  add, 
or,  as  it  was  fornicrly  callctl,  iithic  acui,  is  generally  pre- 
pared from  the  excrement  o(  the  boa  constrictor  (scqienl's 
uriiic),  which  consists  chiefly  of  hyiiroammonium  urate 
N{NIi;)C,/f^Np^;  this  is  dissolved  by  boiling  with  dihite 
puiassium  hydrate,  which  expels  jV//„  and  converts  it  into 
normal  potassium  urate  K^C^H^Nfi^.  By  passing  CO^ 
through  tlic  potassium  urate,  the  sparingly  soluble  hydro- 
pctassium  urate  IIKCJI^N^O,  is  precipitated,  which  is 
washed,  dissolved  in  hiit  water,  and  decomposed  by  HCl, 
thus  precipitating  the  uric  acid.  Human  urine  also  yields 
uric  acid  in  small  crvstals  when  concentratetl  by  evaporation. 
\  mixed  hot  with  hydrochh>ric  acid  or  nitric  acid,  and  set  aside; 
thi-  cryst;i!s  are  ti'^iially  much  tinged  with  nrinarj'  cr.l<,riTig 
matter,  and  may  be  purified  by  dissolving  in  potassium 
hydrate  solution  and  treating  as  above.  Guana,  the  partly 
decomposed  excrement  of  sea  birds,  contains  a  considerable 
quantity  of  uric  acid  that  may  be  e.ttracted  by  boiling  it  with 
a  5-pcr-cent.  solution  of  borax,  and  adding  hydrochloric 
acid  to  the  filtered  solution.  Uric  acid  may  be  obtained 
synthetically  by  heating  a  mixture  of  urea  and  glycocoll  to 
about  •i-\(i°. 

urta  glycocoll  uric  acid 


114,  Pure  uric  acid  is  a  glistening  snow-white  powder 
that  shows,  under  tiic  microscope,  a  minute  but  regular 
crystalline  structure;  is  inodorous,  tasteless,  and  only  spar- 
ingly soluble,  requiring  l.SOO  parts  of  hot  and  13,000  parts 
of  cold  water  for  its  solution,  and  is  entirely  insoluble  in 
alcohol  and  ether,  but  dissolves  in  sulpiuirie  acid  without 
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apparent  decomposition,  precipitating  from  this  acid  solu* 
tion  by  the  addition  of  water.  It  dissolves  in  solutions  of 
the  alkalies,  forming  neutral  urates,  which  contain  2  atoms 
of  the  alkaline  metals;  hence,  uric  acid  must  be  consid- 
ered a  dibasic  acid.  When  carbon  dioxide  is  led  into 
a  solution  of  a  neutral  urate,  an  acid  urate  that  is  nearly 
insoluble  is  precipitated.  Hydrochloric  acid  forms  a  thick, 
white,  gelatinous  precipitate  of  uric  acid  when  added  to  the 
solution  of  a  urate.  Heated  to  100°  or  170°  with  an  excess 
of  hydriodic  acid,  uric  acid  absorbs  w^ater,  and  is  decomposed 
into  glycocoll,  carbon  dioxide,  and  ammonia,  as  is  seen  from 
the  following  equation: 

C^H.Nfi^^hllfi  =  Cjr,NO,  +  3CO,+3JVI/, 

uric  acid  glycocoll 

If  uric  acid  is  gently  heated  with  a  little  nitric  acid,  it  is  dis- 
solved with  a  disengagement  of  red  vapors,  and  the  solution, 
evaporated  at  a  gentle  heat,  leaves  a  residue  that  assumes  a 
purple  color  on  the  addition  of  a  drop  of  ammonia.  This  is 
used  as  a  general  test  for  uric  acid,  permitting  the  detection  of 
the  smallest  trace  of  it.  The  puq^le  substance  thus  obtained  is 
known  as  tnurcxide. 


DERIVATIVES  OF  URIC  ACID. 

115.  Among  the  numerous  compounds  that  are  derived 
from  urea,  some  are  closely  related  to  oxalic  acid  or  other  acids 
containing  2  carbon  atoms,  while  others  are  derived  from 
mesoxalic  acid  C{OII)J^COJI)^^  which  contains  3  carbon 
atoms.  All  of  these  derivatives  are  more  or  less  closely 
related  to  urea;  they  are,  in  fact,  substituted  ureas,  and  are 
more  specially  designated  by  the  name  urcidcs.  Those 
related  to  mesoxalic  acid  are  the  more  direct  derivatives. 

116*  Alloxan. — Alloxan,  or  mcsoxalyl  urea  CJI^Nfi^^ 
is  the  product  of  the  action  of  strong  nitric  acid  on  uric  acid 
in  the  cold,  urea  being  formed  at  the  same  time: 

uric  acid  alloxan  urea 
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It  is  best  prepared  by  adding  1  part  at  pulverized  aric 
acid  to  3  parts  of  nitric  add  (Sp.  Gr.  1.43)  in  a  shallow  basin 
standing  in  cold  water.  The  regnltiog  white,  ciyatalline 
mass^  after  landing  for  some  hours,  ia  droned  from  the 
acid  liquid  into  a  funnel  having  its  neck  stopped  with 
pOftikTfd  glass;  it  is  Ihuu  (Irioil  on  a  porous  plate,  and 
purilictl  by  tryBtalli/^ition  from  a  inoilorato  amount  (rf  water. 
Alloxan  crystallizes  by  slow  cooling  from  a  hot,  saturated 
solution,  in  voluminous  crystals  with  4  moleculei  trf  watef 
of  crystallixatioti;  from  a  suliition  evaporated  by  heat,  it 
separates  in  rhombic  oclahedra,  containing  but  I  mcdecnle 
,  o€  water  of  crj-stallization.  Alloxan  is  very  soluble  in 
water;  the  solution  has  an  acid  reaction,  a  disiagreeably 
astringent  taste,  and,  after  a  time,  stains  the  skin  red  or 
purple.  By  the  action  of  alkalies  {baryta  water,  foi 
instance),  alloxan  is  converted  into  al/oxanic  acid  CJi^Nfi^ 
which  is  formed  liy  the  direct  combination  of  the  elements 
of  I  molecule  of  water  with  1  molecule  of  alloxan,  as  is  seea 
ftoui  the  equation: 

alloxan  alloxanic  acid 

The  alloxanates  are  decomposed  by  boiling  into  mesoxalic 
acid  and  urea.  Thus,  if  a  solution  of  alloxanic  acid,  or  even 
alloxan,  is  added  to  a  boiling  solution  of  lead  acetate,  a 
precipitate  of  lead  mesoxalate  is  formed : 

C//,^r,0,  +  //,0  =  C,0,f/,+ CJ/,N,0 
alloxanic  acid  mesoxalic  acid      urea 

Mesoxalic  acid  C,OJI„  or  CO-OIICO-  CO-  OH,  is  a  dibasic 
acid,  and  it  is  assumed  that  its  divalent  radical,  mesoxalyt, 
exists  in  alloxan  itself,  which  is  mesoxalyl  urea,  i.  e,,  urea 
in  which  2  atoms  of  hydrogen  have  been  replaced  by  the 
divalent  mesoxalyl  radical  {Cfiy.  The  graphic  formulas 
given  lielow  will  make  this  readily  understood: 

mesoxalyl  urea  mesoxaluric  acid 
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117.  Dlalurlc  Add.  —  Dialuric  acid  C^H^Nfi^y  or 
CO<j^rr  ^jy>CHOHy  is  thc  product  of  the  action  of  redu- 
cing agents  on  alloxan  or  on  alloxantin,  and  is  formed  when 
hydrogen  sulphide  is  passed  through  a  boiling  solution  of 
one  of  these  compounds  until  no  further  action  takes  place. 

alloxan  dialuric  acid 

Dialuric  acid  is  also  formed  by  the  action  of  sodium  amal- 
gam on  a  hot  solution  of  alloxan,  and  it  crystallizes  in  long 
needles,  which,  when  exposed  to  the  atmosphere,  soon 
assume  a  red  color,  and  are  converted  into  alloxan.  The 
crystals  of  dialuric  acid  are  freely  soluble  in  water.  When 
a  solution  of  alloxan  is  added  to  an  aqueous  solution  of 
dialuric  acid,  alloxantin  is  formed,  as  may  be  seen  from 
the  following  equation: 

C,//,N,0,  +  C,If,JV,0,  =  CJ/,j\0,  +  //,0 

dialuric  acid  aUoxan  alloxantin 

Dialuric  acid  is  regarded  by  some  chemists  as  tartronyl 
urea;  that  is,  urea  in  which  2  atoms  of  hydrogen  are 
replaced  by  the  dibasic  radical  of  tartronic  acid.  The 
graphic  formulas  of  these  compounds  makes  this  assump- 
tion very  probable: 

COON 

CHOI/     C0<^/^1     CO<f/^:^^>CO     CO<f/^:^^,>C7i.O// 

COO// 

tartronic  niiovin  dialuric  acid  or 

acid  "^^^  alloxan  tartronyl  urea 

118.  Barbituric  Acid.  —  Barbituric  acid  CJ/J^^O^ 
crystallizes  in  large  colorless  prisms  with  2  molecules  of 
water  of  crystallization.  It  is  obtained  from  alloxantin  by 
heating  it  with  strong  sulphuric  acid,  or  by  the  action  of 
nascent  hydrogen  on  dibromo  alloxan,  as  is  seen  from  the 
following  equation : 

dibromo  alloxan  barbituric  acid 


tt  is  also  called  niaUnyl  vrea,  as  it  may  ba  prepared  syn- 
thetically by  heating  tnalonicMU^id  and  nrea  to  100°  in  the 
inesence  of  POCl^.  When  barUtnric  add  1«  iMOed  vith 
alkalies,  it  is  recooTUied  into  malonic  add  and  nrea: 

bart^tarie  add  maloalo.acU  una 

119.  Alloxan  and  dialuric  and  barbituric  acids,  which 
have  previously  been  (lcscril)ed,  jtri;  un-iilcs  tlcrivcd  from 
1  molecule  of  urea  by  the  siibBtitulion  of  the  radical  of  a 
dibasic  acid  for  Satoms  uf  liydrojjcn.  The  grrmp  C'.f,.  Cfi„ 
Cfi^CHOH,  Cfi^-Cn,,  which  in  oxalic,  iiiesoxalic.  tar- 
tronic,  and  malonic  acids  arc  united  by  two  bydruxyls,  are 
divalent: 

CO-  OH  CO-  OH  CO-  OH 

I  I  -t 

CO  CmOH)  CH^ 

I  i  I 

COOH  CO-OH  COOH 

mesoxalic  acid       taitronic  add        malonic  acid 

alluxaii  dialuric  acid 

,„    AWCO      - 


The  followinfT  compounds  are  diurcidcs;  they  are  derived 
from  2  molecules  of  urea,  in  which  4  atoms  of  hydrogen  are 
replaced  bj'  two  dibasic  acid  radicals,  each  of  which  contains 
3  atoms  oC  carbon  and  is  related  to  mesoxalyl. 

130.  A 1 1  o  X  n  n  t  i  11 .  —  Alloxantin  CJf^N^O,,  or 
^„   NH-CO    ^A\^   CO-Nlf   ^^  .     I,    .     ,1, 

cing  alloxan  with  StiCl^,  elnc,  and  hydrochloric  acid,  or 
hydrogen  sulphide,  in  the  cold,  or  mixing  solutions  of 
alloxan  and  dialuric  acid,  as  has  been  stated  in  Art.  117. 
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Alloxantin  crystallizes  from  hot  water  with  3  molecules  of 
water  of  crystallization  in  small,  hard  prisms,  and  turns  red 
when  exposed  to  air  containing  ammonia;  it  has  an  acid 
reaction,  and  is  but  slightly  soluble  in  cold  water.  Nitric 
acid  converts  alloxantin  into  alloxan,  and  reducing  agents 
transform  it  into  dialuric  acid. 

121.  Purpuric  Aelcl,  or  Murexldo. — Purpuric  acid,  or 
miirexide,  CMM^O^  is  not  known  in  the  free  state,  because 
as  soon  as  it  is  liberated  from  its  salts  by  mineral  acids,  it 
immediately  decomposes  into  alloxan  and  uramyl.  The 
ammonium  salt  C^HJ^NII^NjO^JIfi  is  the  dycstuff  murex- 
idt\  that  is  formed  by  heating  alloxantin  to  100°  in  a  stream 
of  ammonia  gas: 

CJi,N(D,^%NlI,  =  C//,(.V//.).V.(7.  +  //.<9 

„ii^^^„..„  niurexide 

aiioxanim  (ammonium  purpuratc) 

or  by  evaporating  uric  acid  with  dilute  nitric  acid,  and  dis- 
solving the  residue  in  ammonia,  wlicn  the  murexide  separates 
from  the  solution  on  cooling.  Miircxidc  crystallizes  in  quad- 
rangular prisms,  of  a  Ixjautiful  gold-green  color,  with  1  mole- 
cule of  water  of  crystallization.  These  crystals  dissolve  in 
water,  pnxlucing  a  fine,  purple-red  solution;  they  also  dis- 
solve in  potassium-hydrate  solution,  producing  a  dark-blue 
color,  which,  on  boiling,  decolorizes  with  the  disengagement 
of  NH^.     They  are  insoluble  in  alcohol  and  ether. 

133.  Allantoln. —  Allantoin  CJIN^O^  occurs  in  the 
urine  of  sucking  calves,  in  the  allantoic  liquid  of  the  cow, 
that  is,  the  urine  of  the  fetal  calf,  and  in  human  urine  after 
injections  of  tannic  acid.  In  the  vegetable  kingdom,  it  has 
been  found  in  beet  juice.  It  is  prepared  by  oxidizing  uric 
acid  with  cither  PhO^,  ^TnO,^,  alkaline  KMnO^^  or  potassium 
ferrocyanidc ;  synthetically,  it  has  been  obtained  by  heating 
for  10  hours  1  part  of  glyoxalic  acid  with  2  parts  of  urea,  as 
is  seen  from  the  following  ecjuation: 

glyoxaHc  acid  urea  allantoin 
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Prom  this  synthesis  it  may  be  assumed  that  allantoin  U 
derived  frgoi  two  molecules  of  urea  and  that  allantoin  is  a 
ditireide  of  glyoxalic  acid.  Allantoin  crystallizes  in  glisten- 
ing, colorles&  needles,  is  insoluble  in  ether,  sparingly  soluble 
in  cold  water,  and  readily  soluble  in  hot  water  and  alcohol. 
Allantoin  has  a  neutral  reaction,  but  dissohes  in  alkalies, 
forming  Bolta. 

1S8.    FumlMnlc   AcM.  — ParafaBsic   add    Cjij^,0^, 
wtiich  is  known  as'  oxafyl  urea,  ia,  aa  its  gtapUcal  formula 
^NHCO 

I     allows,  a  ttreidoi  of  axaUc  add.    It  is  fanned 
^NHCO 

by  the  action  of  an  exceaa  of  nhric  add  on  a]Ioxa&,  which 
^en  gives  up  the  elements  of  carbon  dlodde: 


Parabanic  acid  forma  thin,  ttanapar^t  prisma  that  are 
aolnble  in  water  and  alcohtd,  but  inaolnble  ^  ether.     It  has 

a  strongly  acid  character.  When  boiled  with  dilute  acids, 
parabanic  acid  yields  urea  and  oxalic  acid.  When  heated 
with  ammonia,  ammonium  oxalurate  is  formed,  which  sepa- 
rates in  fine  needles.  In  this  case  the  parabanic  acid  is  con- 
verted into  oxaluric  acid  by  directly  combining  with  the 
elements  of  water,  as  may  be  seen  from  the  following 
equation : 

parabanic  acid  oxaluric  acid 

It  is  seen  that  oxaluric  acid  is  related  to  parabanic  acid,  as 
alloxanic  acid  is  to  alloxan. 

124-.     Guanine. — Guanine   CJJJffi  occurs  in  guano, 

the  excrement  of  sea  fowls,  from  which  it  is  extracted  by 
boiling  with  water  and  lime,  and  boiling  the  tindissolved 
residue  with  soda,  which  dissolves  the  guanine  and  uric  acid; 
these  are  precipitated  by  acetic  acid,  and  the  guanine  is 
dissolved  out  by  hydrochloric  acid,  and  precipitated  by 
ammonia.     Guanine  is  amorphous,  is  iusoluble  in  water  and 
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alcohol,  and  acts  as  a  weak  acid  as  well  as  a  base,  and  is 
very  nearly  related  to  uric  acid  C^H^NJD^,  When  evapo- 
rated with  nitric  acid,  guanine  leaves  a  yellow  residue  that 
becomes  purple-red  with  soda,  but  oxidized  by  potas- 
sium chlorate  and  hydrochloric  acid,  it  yields  CO^^  parabanic 
acid,  and  guanidine,  as  is  seen  from  the  following  equation : 

C^H.Nfi  +  C.  +  Hfi  =  CO,  +  C.//.iV.<9.  +  C\NH){NHX 

guanine  ^^^id'^*^  guanidine 

Guanine  is  also  found  in  the  pancreas  of  the  horse,  in 
gouty  deposits  in  pigs,  in  the  excrements  of  spiders,  etc., 
being  also  formed,  together  with  xanthine  and  sarcine,  when 
yeast  is  allowed  to  decompose  in  water  at  Sd"*. 

125.  Xantlilne. — Xanthine  CJIJ^fl^  is  prepared  by 
the  action  of  nitrous  acid  on  guanine,  as  is  seen  from  the 
equation : 

guanine  xanthine 

Xanthine  forms  minute,  white  crystals,  that  are  sparingly 
soluble  in  water,  insoluble  in  alcohol,  dissolved  by  alkalies, 
and  reprecipitated  by  acids.  Evaporated  with  nitric  acid,  it 
leaves  a  yellow  residue,  becoming  violet  when  heated  with 
potassium-hydrate  solution.  It  yields  crystalline  salts  with 
acids,  but  they  arc  decomposed  by  water.  Its  ammoniacal 
solution  yields,  with  silver  nitrate,  a  gelatinous  precipitate 
containing  C^H^AgJ^fi^Hfi^  which,  when  treated  with 
methyl  iodine,  yields  theobromine  (see  Art.  158). 

126.  Sarelne. — Sarcine  C^H^NjO^  or  hypoxanthine,  is 
found  in  extract  of  meat,  which  contains  about  .6  per  cent, 
of  it.  It  may  be  precipitated  from  the  mother  liquor  of  the 
extraction  of  creatine  (see  Art.  112,  Organic  Chemistry^ 
Part  3)  by  boiling  with  cupric  acetate.  The  brown  precipi- 
tate is  dissolved  in  nitric  acid  and  precipitated  by  silver 
nitrate,  which  forms  an  insoluble  compound  from  which  the 
sarcine  may  be  extracted  by  decomposing  w4th  HJS  and 
boiling  with  much  water.     It  crystallizes  in  minute  needles. 


and  is  more  soluble  than  xanthine,  though  it  forms  a  less 
soluble  hydrocliloride.  Sarcine  is  generally  found  with 
xanthine,  and  occurs  in  many  parts  of  the  animal  body, 
especially  in  marrow;  it  is  feebly  basic  and  acid,  and  nitric 
acid  oxidizes  it  to  xanthine. 

137.  Ciiriiliie  CJf^N^O,  is  found  in  the  extract  of  meat, 
and  resembles  xanthine  and  sarcinc.  Nitric  acid  or  bromine 
water  oxidizes  carnine  to  sarcine.  Tetanine  C^H^^N  has  been 
obtained  from  the  putrefying  beef  extract  used  for  cultivating 
n  microbe  Bacillus  tftmii,  alleged  to  be  the  cause  of  tetanus 
(lockjaw)  in  animals.  Tetanine  is  a  volatile  liquid,  boils  at 
;iboiit  100",  and  prothicessymptomsof  tetanus  when  injected 
under  the  skin 

A1.KAIX>IDS. 

138.  The  terra  alkaloids  is  generally  applied  to  nitrog- 
enous organic  substances  occurring  in  plants,  frequently  con- 
slituting  those  parts  of  the  plants  that  are  most  active  when 
taken  into  the  animal  body,  hence  they  are  sometimes  called 
the  active  principle  of  the  plants.  Many  of  these  substances 
are  used  in  medicine,  and  all  of  them  are  more  or  less  poi- 
sonous. As  regards  their  chemical  character,  they  are  basic 
in  the  sense  that  ammonia  is  basic;  they  contain  nitrogen, 
and  form  sjilts  just  as  ammonia  does,  i.  e.,  by  direct  addition 
of  the  acids.  These  and  other  facts  lead  to  the  belief  that 
the  alkaloids  arc  related  to  ammonia — that  they  are  substi- 
tuted ammonias.  Recently  it  has  been  shown  that  several 
of  the  alkaloids  arc  related  to  pyridine  and  quinoline.  They  - 
do  not  represent  a  very  sharply  defmcd  group  of  compounds, 
and  it  has  l)ecomc  customary,  in  the  absence  of  a  more  pre- 
cise and  scientific  classification,  to  divide  them  into  two. 
classes,  ihe  first  of  which  includes  those  which  arc  free  from 
oxygen,  and  volatile,  and  the  second  which  embraces  those 
that  arc  decomposed  by  distillation.  They  all  contain  nitro- 
gen, but  rarely  more  than  1  or  2  atoms  in  a  molecule,  though 
there  may  he  50  or  fin  carbon  atoms;  all  alkaloids  with  the 
exception  of  coninc,  nicotine,  and  sparteine  contain  oxygen. 
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The  alkaloids,  as  a  whole,  arc  sparingly  soluble  in  water, 
but  dissolve  readily  in  alcohol,  ether,  benzene,  chloroform, 
etc. ;  their  solutions  are  mostly  alkaline  and  have  a  bitter 
taste. 

129.  Conine. — Conine  CJI,,N  is  extracted  from  the 
seeds  of  hemlock  {Con'nim  inaculatnni)  by  crushing  them  and 
distilling  with  a  weak  potash  solution.  The  distillate,  which 
contains  ammonia  and  conine,  is  neutralized  with  sulphuric 
acid,  concentrated  by  evaporation,  and  mixed  with  alcohol  to 
precipitate  the  ammonium  sulphate.  On  evaporating  the 
filtrate  and  distilling  with  strong  potash,  conine  distils  over, 
together  with  water,  upon  the  surface  of  which  it  floats.  It 
is  distilled  with  dried  potassium  carbonate,  to  remove  water, 
and  the  portion  distilling  at  KmS'  is  collected  separately. 
Conine  has  been  synthesized  by  heating  a-picoline  with  alde- 
hyde, and  subjecting  the  thus  obtained  a-allyl  pyridine  to  the 
action  of  nascent  hydrogen: 

C.HXCIQN+Cn^COfl  =  cjixcji:^N-\-ii,o 

a-picoline  aldehyde  allyl  pyridine 

Conine  exists  in  three  stereoisomeric  modifications.  Nat- 
ural conine  is  dextrorotary,  and  the  synthetic  conine,  which 
is  optically  inactive,  can  be  readily  broken  up  into  two  active 
varieties.  Conine  is  a  limpid,  oily  liquid,  with  a  strong  odor 
of  mice;  its  specific  gravity  is. 80,  it  boils  at  1(18°,  and  is 
sparingly  soluble  in  cold  water,  the  solution  becoming  cloudy 
on  being  heated,  owing  to  the  fact  that  the  compound  is 
more  soluble  in  cold  water  than  in  hot  water.  Conine  readily 
dis.solves  in  alcohol  and  ether,  and  when  exposed  to  air  for 
some  time  it  becomes  brown  and  evolves  ammonia;  it  also 
has  a  strongly  alkaline  reaction,  immediately  restoring  the 
^  blue  color  to  reddened  litmus  paper.  Conine  is  often  mixed 
with,  mctkyl  cojiiftc  NCI-fJ^CJf^^),  a  compound  existing  in  the 
hemlock,  and  which  is  derived  by  the  substitution  of  a  methyl 
group  C//,  for  an  atom  of  hydrogen,  and  formed  artificially 
by  the  action  of  methyl  iodide  on  conine.  From  the  flowers 
and  seeds  of  the  hemlock  a  soliil  crystalline  alkaloid,  conhy- 
drine  C^^H^^NO^  has  also  been  obtained. 


130.  Nicotine.— Nicotine  C^H^^N^  is  found  in  the  seeds 
and  leaves  of  the  tobacco  plant.  Nicotine  is  extracted  from 
tobacco  leaves  by  digesting  them  with  very  dilute  sulphuric 
acid,  evaporating  to  a  very  small  bulk,  and  distilling  with 
an  excess  of  potash.  The  distillate  is  shaken  with  ether, 
which  collects  the  nicotine  and  rises  to  the  surface;  the 
ethereal  layer  is  drawn  off,  the  ether  distilled,  and  the  nico- 
tine placed  in  contact  with  quicklime  to  remove  the  water, 
and  distilled  in  a  current  of  hydrogen,  since  it  is  decomposed 
when  distilled  in  air  at  ordinary  pressure.  Nicotine,  when 
freshly  prepared,  is  a  colorless  liquid,  which,  however,  soon 
assumes  a  brownish  color  when  exposed  to  the  atmosphere. 
It  has  an  offensive,  penetrating  odor,  its  specific  gravity  is 
l,(i4S,  and  it  boils  at  247°,  undergoing  a  partial  decomposi- 
tion; it  is  soluble  in  water,  alcohol,  and  ether.  Nicotine  is 
optically  active,  rotating  tlie  plane  of  polarization  to  the 
right;  it  has  a  strongly  alkaline  reaction,  and  perfectly  neu- 
tralizes the  acids,  and  precipitates  the  metallic  oxides  from 
solutions  of  their  salts;  it  is  also  a  very  violently  acting 
poison. 

131.  Piperlne. — Piperine  C„ff,,NO,  occurs  in  various 
species  of  pepper,  particularly  in  black  pepper,  from  which 
it  may  be  extracted  by  alcohol.  It  crystallizes  in  prisms, 
which  melt  at  ISS",  and  which  are  insoluble  in  water,  but 
soluble  in  ether.  The  alcoholic  solution  has  the  hot  taste 
that  is  peculiar  to  pepper.  Its  reaction  is  neutral,  and  its 
salts  are  not  very  well  defined.  Sulphuric  acid  dissolves  it, 
producing  a  dark-red  solution.  When  boiled  with  potash, 
piperine  yields  piperidine,  and  with  potassium  it  yields 
piperate. 

133.  Piperidine,  or  hexakydro-pyrtdine,  CJf„N  is  a 
liquid  secondary  raonaminc,  boiling  at  106°,  and  smelling  of 
pepper  and  ammonia;  it  is  soluble  in  water,  forms  crystal- 
line salts,  and  behaves  like  other  secondary  amines  in  yield- 
ing tertiary  amines  and  ammonia  bases.  When  heated  to 
300°  with  strong  sulphuric  acid,  piperidine  yields  pyridine 
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C^H^Ny  which  mayl)e  reconverted  into  piperidine  by  nascent 
hydrogen,  furnished  by  the  action  of  hydrochloric  acid  on  tin. 

133.  Atropine. — Atropine  C^^H^^NO^^  also  known  as 
daturine^  is  found  in  the  deadly  nightshade  {Atropa  Bella- 
donna) and  thorn  apple  {^Datura  Stramonium)^  plants  of  the 
same  order  as  the  tobacco  plant.  It  appears,  however,  that 
atropine  does  not  exist  readily  formed  in  these  plants,  but  is 
formed  during  extraction  from  an  isomeric  alkaloid,  hyos- 
cyamine^  which,  together  with  another  alkaloid,  hyoscine^ 
exists  naturally  in  the  plants.  Atropine  is  obtained  by  press- 
ing the  sap  from  the  flowers  of  belladonna,  heating  the  sap 
to  90°  to  coagulate  the  albumin,  filtering,  adding  potash  to 
liberate  the  base,  and  shaking  with  chloroform,  which  collects 
the  atropine  and  sinks  to  the  bottom.  The  chloroform  is  dis- 
tilled off,  and  the  atropine  recrystallized  from  alcohol  in  small 
needles  that  are  fusible  at  115°.  Atropine  is  very  soluble  in 
water  and  alcohol,  but  considerably  less  so  in  ether;  it  vola- 
tilizes with  partial  decomposition  at  140°.  Atropine  has  a 
burning,  bitter  taste,  and  a  very  poisonous  action,  with  the 
characteristic  effect  of  enlarging  the  pupil  of  the  eye,  and  thus 
it  finds  wide  employment  in  the  treatment  of  diseases  of  the 
eye.  Moistened  with  nitric  acid  and  evaporated  to  dryness, 
atropine,  or  its  salts,  yields  a  rich  violet  color.  A  solution 
of  bromine  in  aqueous  hydrobromic  acid  precipitates  from 
solutions  of  atropine  a  yellow  amorphous  mass  that  soon 
becomes  converted  into  characteristic  crystals.  Heated  with 
baryta  water  or  hydrochloric  acid,  atropine  breaks  up  into 
tropine  and  tropic  acid,  as  is  seen  from  the  following  equation : 

atropine  tropic  acid        tropine 

134«  Tropine  CJI^JSTO  is  an  active  base,  soluble  in 
water,  alcohol,  and  ether,  and  crystallizing  from  the  last 
solvent  in  tables  that  fuse  at  61°. 

Tropic  acid  C^H^fi^  forms  small  crystals  that  fuse  at  117°. 
By  long  boiling  with  either  baryta  water  or  hydrochloric  acid, 
tropic  acid  is  converted  into  atropic  acid  C^Hfi^  by  losing  the 
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elements  of  1  molecule  of  water.  Atropic  acid  is  isomeric 
with  cinnamic  acid,  as  will  be  readily  seen  by  comparing  the 
two  formulas : 

II  II 

CH  6-.(C.^.) 

CO- OH  CO- OH 

cinnamic  acid  atropic  acid 

Tropic  acid  and  tropine  combine  to  form  a  salt  known  as 
tr  opine  tropatc  CJI^^NO*  C^H^fi^^  and  if  this  is  heated  for  some 
time  with  hydrochloric  acid,  it  loses  the  elements  of  water  and 
is  converted  into  atropine,  as  is  seen  from  the  equation: 

C,H,,NO-CJI,fi,  =  C„H„NO,  +  H,0 

tropine  tropate  atropine 

135.  Cocaine. — Cocaine  C^^H^^NO^  is  extracted  from 
the  leaves  of  Erythroxylon  Coca^  a  Peruvian  stimulant  It  is 
prepared  by  exhausting  the  coca  leaves  with  water  at  a  temper- 
ature between  00°  and  80°;  the  solution  is  precipitated  by  lead 
acetate,  and  filtered.  The  filtrate  is  freed  from  the  excess 
of  lead  acetate  by  preci])itation  with  sodium  sulphate,  again 
filtered,  and  the  filtrate  evaporated.  Sodium  carbonate  is 
then  added  until  a  state  of  faint  alkalinity  is  reached;  then 
the  liquid  is  shaken  up  with  ether,  which  takes  up  the  cocaine, 
and  the  ethereal  solution  is  evaporated,  whereby  the  cocaine 
is  deposited.  Cocaine  crystallizes  in  colorless,  odorless  prisms 
that  fuse  at  about  08°.  Cocaine  is  only  slightly  soluble  in 
cold  water,  more  readily  in  alcohol,  and  quite  freely  in  ether; 
it  has  a  bitter  taste,  a  slightly  alkaline  reaction,  and  for  the 
last  few  years  has  been  widely  used  in  surgery  as  a  local 
anesthetic.  Heated  witli  hydrochloric  acid,  cocaine  absorbs 
2  molecules  of  water  and  decomposes  into  methyl  alcohol, 
benzoic  acid,  and  cci^onine,  a  crystallizable  alcohol,  thus: 

cjr..^o,-V'inp  =  cjr^xo.^cnp^c^Hp, 

methyl        benzoic 
^^^^^-^"^^  ecgonine  ,^^^^^-^j  ^^j^ 

Cooainc  has  licon  sx'ntht^si/.cd  by  introducing  successively 
the  incthvl  and  bcnzovl  i'-r()in)s  into  eci^'onine. 


§  15  ORGANIC  CHEMISTRY.  85 

ALKALOIDS    OF   CriXCIIOXA. 

136«  The  various  cinchona  barks  owe  their  prominence 
as  antifevcr  remedies  to  several  alkaloids  they  contain,  the 
best  known  of  which  are  quinine  and  ctnchontnc.  Besides 
these,  quinidine,  isomeric  with  quinine,  and  cinchonidine, 
isomeric  with  cinchonine,  have  been  isolated.  When  the 
julphatcs  of  quinidine  and  cinchonidine  are  heated  with  sul* 
phuric  acid,  they  are  converted  into  two  new  isomerides, 
quinicine  and  cinchonicine.  Hence  the  following  six  alka- 
loids of  cinchona  are  known: 

cinchonine,  cinchonidine,  cinchonicine  C^JI^^Nfi 
quinine,  quinidine,  quinicine  ^%^^%k^%^% 

The  different  species  of  cinchona  yield  a  bark  containing 
these  alkaloids  in  different  proportions.  The  yellow  bark 
yields  from  2  to  3  per  cent,  of  quinine,  and  only  .2  to  .3  per 
cent  of  cinchonine ;  the  red  bark  yields  about  2  x>er  cent,  of 
quinine  and  I  ix.*r  cent,  of  cinchonine;  the  pale,  or  gray,  bark 
yields  about  .8  |xt  cent,  of  quinine  and  2  per  cent,  cincho- 
nine. The  alkaloids  exist  in  coml)i nation  with  quinic  acid 
and  with  a  variety  of  tannin  known  as  quinotannic  acid. 

137*  Quinine. — Quinine  is  obtained  by  boiling  the  cin- 
chona bark  with  dilute  hydrochloric  acid  and  adding  to  the 
filtered  soluti(jn  sufficient  lime  water  to  make  it  distinctly 
alkalme,  and  to  precipitate  the  quinine,  cinchonine,  and  vege- 
table coloring  matter  contained  in  the  acid  extraction.  This 
is  filtered  off,  and  boiled  with  alcohol,  which  dissolves  the 
alkaloids,  leavin<'  anv  excess  of  lime  undissolved.  The  solu- 
tion  is  then  partly  distilled,  to  recover  part  of  the  alcohol, 
and  the  solution,  which  is  sJll  alkaline,  neutralized  with 
sulphuric  acid,  then  boiled  with  charcoal  until  entirely  decol- 
orized, and  filtered.  On  standing,  quinine  sulphate  crystal- 
lizes out,  while  the  cinchonine  sulphate  remains  in  solution. 
The  quinine  sulphate  cr\^stals  are  dissolved  in  water,  and 
ammonia  is  added,  whereby  tlie  quinine  sulphate  is  decom- 
posed and  quinine  precipitated.  Quinine  crystallizes  in 
prisms  with  3  molecules  of  water,  and  these  crystals  require 
2,266  parts  of  cold  water  and  7<'»0  parts  of  hot  water  for  their 
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solution;  they  dissolve  quite  readily  in  alcohol,  ether,  and 
chloroform.  Quinine,  likii  iho  other  alkaloids,  is  an  opti<;ally 
active  compound,  turning  the  plane  of  polarization  to  the 
left  Quinine  has  a  decidtd  alkaline  reaction,  and  an  extremely 
bitter  taste;  it  appears  to  be  a  tertiary  amine,  because,  when 
heated  with  the  iodides  of  alcohol  radicals,  it  yields  iodides 
that  furnish  ammonia  bases  when  decomposed  by  moist 
silver  oxide;  thus,  methyl  iodides  give,  vinth  quinine,  a  com- 
pound having  the  formula  C,JI^^N^OCHJ,  which,  when 
acted  on  by  the  moist  silver  oxide,  yields  an  alkaline  hydrate 

Quinine  is  characterized  by  exhibiting  a  blue  fluorescence 
when  dissolved  in  dilute  sulphuric  acid,  and  by  protlucing  a 
green  color  when  its  dilute  acid  solutions  are  mixed  with 
either  chlorine  or  bromine  water,  and  afterwards  some  ammo- 
nia added.  This  green  color  is  due  to  the  formation  of  a 
CDmpound  known  as  thalleiochin,  which  is  formed  by  the 
reaction : 

C„H,,^r,0,  +  I^/f,-i-0^=  C„H„N,0. 
quinine  thalleiochin 

Quinine  is  a  diacid  base,  but  it  sometimes  forms  salts 
in  which  it  is  monacid;  there  are  two  hydrochlorides; 
C„f/„N,0,2//a  is  converted  by  water  into  C^H^^Nfi^HCl, 
which  crystallizes  in  needles  of  the  formula 

138.  Normal  quinine  sulp)tateC„H^J^fi^-H^SO^,lAq\& 
soluble  in  11  parts  of  cold  water,  but  the  basic  sulpliatc 
2{C^^f{,,N,0^H,S0 ^,^Aq  is  much  less  soluble  and  requires 
780  parts  of  cold  water  for  its  solution.  This  is  the  quinine 
salts  generally  used  in  medicine ;  it  forms  very  light,  silky 
needles  that  dissolve  readily  in  dilute  sulphuric  acid,  form- 
ing the  acid  sulphate  C„//„A',(3,(//,5(9,)„7/ly,  which  is  quite 
freely  soluble.  When  tincture  of  iodine  is  added  to  a  solution 
of  quinine  sulphate  in  hot  acetic  acid,  the  liquid  in  a  few 
hours  deposits  large,  thin  plates  of  iodo-quinine  sulphate 
C„fI„Nfi,I,S0,Hi,5H,0.  These  crystals,  which  are  known 
as  herapathite,  or  artificial  tourmaline,  appear  bronze-green 
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by  reflected  light,  and  are  almost  colorless  by  transmitted 
light.  When  two  of  these  crystals  are  crossed,  the  portions 
that  are  superposed  almost  entirely  intercept  the  passage 
of  light.  In  this  respect,  iodo-quinine  sulphate  acts  as  a 
polarizer  like  tourmaline,  hence  its  name.  Quinine  sulphate 
possesses  valuable  medical  properties ;  it  is  employed  as  an 
antifever  remedy,  and  generally  in  the  treatment  of  diseases 
of  an  intermittent  type.  It  is  successfully  administered  in 
such  diseases  as  acute  articular  rheumatism,  gout,  neu- 
ralgia, etc. 

139.  Quinidine^  or  conquinine^  ^io^«4-^«^t  ^s»  ^  ^^^  been 
already  stated,  isomeric  with  quinine,  and  is  extracted  from 
a  brown  substance  called  quinoidine  or  amorphous  quinine, 
which  is  obtained  from  the  mother  liquors  of  quinine  sul- 
phate, and  is  sold  as  a  cheap  substitute  for  quinine.  It  is 
also  obtained  in  quantity  from  some  of  the  inferior  varieties 
of  cinchona,  such  as  cinchofta  cordifolia^  which  yields  the 
Carthagena  bark.  Quinidine  forms  larger  prismatic  crystals 
than  quinine,  and  these  contain  only  2  molecules  of  water  of 
crystallization.  Its  salts  are  more  soluble  than  those  of 
quinine,  and  they  are  strongly  dextrorotary.  Quinicine^  also 
isomeric  with  quinine,  is  formed  by  heating  quinine  or  quini- 
dine with  dilute  sulphuric  acid  to  130°.  It  is  resinous,  but  its 
salts  are  crystalline,  and  its  solutions  are  freely  dextrorotary. 

140.  Cinchona. — Cinchona,  or  cinchonine,  C^^H^^Nfi 
is  a  by-product  in  the  manufacture  of  quinine.  It  is  almost 
insoluble  in  water  and  ether,  and  only  very  sparingly  soluble 
in  alcohol  and  chloroform.  From  a  hot  solution  of  the  former 
it  crystallizes  in  anhydrous  prisms.  Cinchona  is  an  optically 
active  compound,  its  alcoholic  solution  turning  the  plane  of 
polarization  to  the  right.  Cinchona  has  an  alkaline  reaction, 
a  bitter  taste,  melts  at  257°,  and,  when  cautiously  heated  in 
the  bottom  of  a  closed  tube,  sublimes  in  very  light,  delicate 
crystals.  The  salts  of  cinchonine  are  more  soluble  than  those 
of  quinine,  and  give  a  much  more  voluminous  precipitate 
with  ammonia,  which  is  insoluble  in  large  excess,  and  is  not 
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cleared  up  by  sliakfnjj  with  ether,  as  in  the  case  of  quiniue. 
Cliuhouuic  siil/'luUf  iCJ{„.\\0)J[,SL\.'lA^  fu^B  whtjij 
heated,  evolving  an  aromatic  odor  and  assnming  a  red  color. 
A  solution  oC  cincbonine  snlphate  is  leu  strongly  flnixescent 
than  one  kA  qntmne  tmlphate, 

Liiu'honiiiinc  and  ciinlumicine  are  isijmoric  with  cincbonine, 
tile  tirst  named  etinijxjuud  being  strongly  levorotary.     ^^h 
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141.  The   two  alkaloids  strychnine  and  brucine  were 

discovered  by  Pcllctier  and  Caventon.  They  are  obtained 
from  nux  vomica,  the  seeds  of  the  tropical  plant,  StryckHos 
mix  •vomica,  ivom  false  Angostura  bark  of  the  same  tree,  and 
from  Ignatiti  amara,  or  St.  Igfiatins'  bean.  Nux  vomica,  or 
crow  fig,  contains  about  1  per  cent,  of  strychnine  and  1  per 
cent,  of  brucine.  These  two  alkaloids,  to  which  igasurint 
has  rccenlly  been  added,  appear  to  be  combined  in  the 
strychnos  plant  with  an  acid  called  igasiiric  acid,  of  which, 
however,  little  is  known  so  far. 

142.  Strychnine. — Strychnine  C,,H^^N^O^\s  extracted 
from  the  crushed  seeds  of  nux  vomica  by  boiling  them  with 
very  dilute  hydrochloric  acid.  The  solution  is  mixed 
with  milk  of  lime,  and  the  precipitate  filtered  ofF  and  boiled 
with  alcohol,  which  dissolves  the  strychnine  and  brucine,  and 
deposits  the  strychnine  in  crystals  mixed  with  brucine  when 
evajKirated.  The  two  alkaloids  are  separated  by  converting 
them  into  nitrates,  which  are  made  to  crystallize,  the  Strych- 
nine nitrate,  being  less  soluble  than  the  brucine  nitrate, 
deposits  in  needles,  and  the  concentrated  solution  afterwards 
dcjwsits  voluminous  crystals  of  bnicine  nitrate.  To  isolate 
the  alkaloids,  the  corresponding  nitrates  are  precipitated  by 
ammonia,  and  the  alkaloid  dissolved  in  boiling  alcohol,  which, 
on  cooling,  deposits  the  strychnine  in  crystals.  Pure  strj'ch- 
nine  crystalh'zes,  under  favorable  conditions,  in  small,  but 
exceedingly  bnlliant,  octahedral  crystals  that  ^re  transparent 
and  colorless ;  it  is  insoluble  in  ether  and  absolute  alcohol. 
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but  dissolves  in  dilute  alcohol,  also  dissolving  very  readily 
in  chloroform  and  the  volatile  oils.  The  alcoholic  solution 
of  strychnine  is  optically  active,  turnin^^  the  plane  of  polar- 
ization to  the  left,  and  having  a  remarkably  bitter  and  some- 
what metiiUic  taste  (I  part  in  1,000,000,000  piirts  of  water 
is  still  perceptible).  Str}'chnine  is  one  c;f  the  most  active 
poisons  known,  giving  rise  to  tetanic  convulsions  even  in  very 
small,  dilute  quantities.  The  smallest  particle  of  strychnine 
or  its  salts  may  be  identified  by  dissolving  it  in  strong  sul- 
phuric acid  and  adding  a  minute  fragment  of  potassium 
dichroraate,  which  produces  a  fugitive  violci-])lue  color  (see 
Art.  105,  Qualitative  Analysis^  Part  *^).  Tlie  alcoholic  solu- 
tion of  strychnine  is  alkaline,  and  it  is  a  monacid  tertiar}'' 
base,  combining  with  metliyl  iodide  to  form  strychnine 
vuthylium  iodide  NjC^JI^^O^-CIIJ,  which  yields  tlie  corre- 
sponding hydroxide  base  wlien  decomposed  with  moist  silver 
oxide.  But  this  ammonium  base  is  not  bitter  nor  poisonous 
unless  injected  under  the  skin,  when  it  produces  paralysis. 

143.  Brucliio. — Brucine  C^JF^^X^O^  is  precipitated  by 
potash  from  the  solution  of  brucine  nitrate  obtained  in  the 
extraction  of  strychnine,  is  more  soluble  in  water  and  alcohol 
than  strychnine,  and  cr^'stallizes  with  4  molecules  of  water 
of  crystallization,  into  oblicjue  rhombic  ])risms  that  are  often 
of  considerable  size,  but  rapidly  effloresce  in  the  air.  Bntcine 
solutions  are  strongly  alkaline,  intensely  bitter,  and  optically 
active,  turning  the  plane  of  polarization  to  tlic  left.  If  bru- 
cine is  moistened  with  nitric  acid,  it  immedi.itely  assumes  a 
red  color,  and,  by  the  aid  of  a  gentle  heat,  disengages  carbon 
dioxide  and  vapors  that  contain  methyl  nitrite.  The  red 
color  produced  by  adding  nitric  acid  to  brucine  is  turned  to 
violet  by  the  addition  of  stannous  cliloride. 


AT.KAT.OIT)"i«   OF  OPII'M. 

144.  Opliini.  — -Opium  is  the  thickened  juice  of  the 
capsules  of  tlie  white  poppy  {Pd/^ffrrr  .vr'///// /At/////)  cultivated 
in  Turkey.  Egypt,  India,  and  other  Oriental  countries.     A 
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few  days  after  the  poppy  flower  Ims  fallen,  indaiooa  are 
made  in  these  capsules,  which  remain  on  the  stem  of  the 
plant,  from  base  to  summit,  when  a  milky  juice  emdes. 
After  24  hours,  this  becomes  a  soft,  brown,  scdid  mass,  and 
is  scraped  oSf  pressed  together,  and  fashioned  in  variously 
formed  masses  for  the  market  Tlie  basic  nature  of  mor- 
phine, one  of  the  crystallizable  principles  of  opium,  was  first 
recognized  in  1806  by  Sertttmer.  Besides  this,  opium  con- 
tains a  considerable  number  of  alkaloids  combined  with 
several  acids.  Among  these  are  lactic  add  C^fi^  and 
meconic  add  C^Hfi^  The  latter  is  one  of  the  most  impor- 
tant constituents  of  opitun;  it  possesses  the  diaracteri8& 
property  of  producing  a  blood-red  color  with  ferric  salta 
Opium  also  contains  a  gummy  matter,  about  S5  per  cent 
soluble  in  water,  and  a  brown,  insoluble,  resinous  matter 
that  remains  in  the  mass  whea  opium  is  exhausted  with 
water.  The  aqueous  solution  of  opium  has  a  dirty,  brown 
color.  Oi^um  further  contains  a  large  number  of  alkaloids 
in  variable  proportions,  of  which  morfdiine,  narootine,  and 
narceine  are  the  most  abundant.  Some  of  these  have  been 
imperfectly  studied,  but  they  are  mentioned  in  the  following 
list: 

Hydrocotamine     C\^Hx%NOt  Papaverine  C^^HtiNO^ 

Morphine  CitHitNOt  Meconidine  C^iHttNO^ 

Oxymorphine  CitHitNO^  Laudanosine  C%iH%iNO^ 

Codeine  CitH^xNOt  Rhoeadine  Cti//%iNO% 

Thebaine  C,«/r„A^(9,  Cryptopine  C^xH^%NO% 

Codamine  j.  r*   //    w)  Narcotine  C%^H%tNOi 

Laudanine  J     ""     ^^^      *  Lanthopine  Ctif/ttNO^ 

Protopine  do^nNOt  Narceine  Cttlf^tNOt 

145.  Morphine. — Morphine  C^^H^J^O^  is  extracted 
from  opium  by  steeping  it  in  warm  water,  which  dissolves 
the  meconate  and  sulphate  of  morphine,  straining,  and  adding 
calcium  chloride,  which  precipitates  calcium  meconate.  The 
filtered  solution  is  evaporated  to  a  small  bulb  and  set  aside, 
when  the  hydrochlorides  of  morphine,  codeine,  and  oxymor- 
phine crystallize  out.  They  are  dissolved  in  water,  and  the 
morphine  precipitated  by  adding  ammonia.    The  precipitate 
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is  collected  on  a  filter  and  redissolvcd  in  boiling  alcohol, 
from  which  the  morphine  crystallizes  on  cooling.  Morphine 
crystallizes  m  small,  colorless,  right-rhombic  prisms  that 
have  a  bitter  taste  and  are  almost  insoluble  in  water,  requir- 
ing 10,000  parts  of  cold  and  500  parts  of  boiling  water  for  their 
solution;  it  is  nearly  insoluble  in  ether  and  chloroform,  both 
of  which  dissolve  more  or  less  nearly  all  other  alkaloids;  it 
is  soluble  in  ethyl  acetate  and  in  amyl  alcohol;  the  alcoholic 
solution  of  morphine  is  optically  active  and  turns  the  plane 
of  polarization  to  the  left.  Morphine  differs  from  all  other 
alkaloids  by  being  very  soluble  in  potassium  hydrate;  if  a 
drop  of  weak  potash  is  stirred  with  solution  of  a  salt  of 
morphine,  the  alkaloid  is  precipitated,  but  it  is  readily  rcdis- 
solved  by  adding  a  little  more  potash  solution.  Morphine 
crystallizes  with  1  molecule  of  water  of  crystallization,  and 
does  not  lose  this  water  until  heated  to  120'',  when  it  fuses, 
and  becomes  a  crystalline  anhydrous  mass  on  cooling.  When 
more  strongly  heated,  a  little  sublimes,  but  the  greater  part 
carbonizes  and  evolves  alkaline  vapors.  The  proportion  of 
morphine  in  opium  varies  from  6  to  15  per  cent. 

146.  Morphine  hydrochloride  C^^H^^NO^^HCl,  or  muri- 
ate of  morphia^  is  the  chief  form  in  which  morphine  is 
used  in  medicine.  It  crystallizes  with  3  molecules  of 
water  of  crystallization  in  silky  needles  that  are  soluble  in 
1  part  of  boiling  and  IG  to  20  parts  of  cold  water,  and  which 
are  also  very  soluble  in  alcohol.  Platinic  chloride  forms 
a  yellow  precipitate  of  a  double  chloride  in  an  aqueous 
solution  of  morphine  hydrochloride  which  has  the  formula 
(C,,H^^NO,'HCl)^PtCl^.  When  a  solution  of  morphine 
hydrochloride  is  heated  to  00°  with  silver  nitrite,  the  base  is 
oxidized  and  converted  into  oxymorphine  C^^H^^NO^, 

147,  Apomorphine  C^^H^^NO^  is  formed  when  morphine 
is  heated  for  some  hours  at  150°  with  a  large  excess  of  con- 
centrate hydrochloric  acid.  From  the  hydrochloride  first 
obtained,  sodium  carbonate  precipitates  apomorphine  as  an 
amorphous  powder,  rapidly  turning  green  in  the  air,  and 
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'then  dissolving;  in  ether  with  a  pink  color.  This  base  pus- 
tjiesses  special  therapeutic  properties.  When  administered 
why  hypodermic  injection  or  swallou'ed,  it  acts  as  an  emetic. 

i  148.  Morphine  pcr'todide  C„H^^NOJ  is  obtained  as  a 
Cbrown  precipitate  when  solution  of  iodine  in  potassium 
I  iodide  is  added  to  morphine  hydrochloride. 

I     149.    Coilelne.-Codeine  C„H„NO,.  or  CJIJCH^NO,. 
■is  methyl  morphine,  and  is  obtained  from  the  ammoijiacal 
bnoLhcr  liquor  from  which  the  morphine  is  deposited  in  the 
wpreparalion  of  the  Iwtlcr  bixly.     For  this  purpose,  the  mollicr 
•^liquor  is  concentrated,  and  potash  or  soda  is  added,  precipi- 
tating the  ciideine,  which  is  collecttd.  dissolved  in  hydro- 
chloric acid,  the  solution  decolorized  with  animal  charcoal, 
and    the  codeine    again    prcdpitated  With    potash  on  soda. 
u,astly  the  precipitate  is  dissolved  in  ordinary  ether,  which 
fcdeiHJsiia  the  codeine  in  voluminous  crystals  by  spontaneous 
r  evaporation.     Ccdeine  is  easy  soluble  in  hot  water,  alcohol, 
ami  ether,  cr\'stil lining;  from  ether  in  anhydrous  octahc-dra, 
and  from  hot  water  in  rhombic  prisms  that  contain  1  mole- 
cule of  water  of  crystallization.     The  alcoholic  solution  of 
codeine  is  optically  active,  turning  the  plane  of  polarization 
to  the  left ;  it  is  a  narcotic  poison,  though  less  powerful  than 
morphine,  and  has  been  employed  quite  extensively  in  medi- 
cine for  some  years.    If  bromine  water  is  poured  upon  finely 
powdered  codeine,  the  latter  dissolves  and  is  converted  into 
hydriibromide  of  monobromo  codeine.     By  continued  addi- 
tion of  bromine  water,  a  yellow  precipitate  is  formed,  con- 
sisting of  hydrohromide  of  tribromo  codeine,  that  is,  codeine 
in  which  3  atoms  of  hydrogen  have  been  replaced  by  A  atoms 
of  bromine. 

150.  Nft  root  1  no.  —  Narcotine  C„H„NO^,  or 
^,J^„(^^t)i-'^'^i'  "i^y  ^'c  extracted  from  the  residue  of 
opium  that  has  been  exhausted  by  water.  This  is  treated 
with  hydrochloric  acid,  filtered,  and  the  filtrate  precipitated 
by  sodium  carbonate.     The  precipitate  is  dissolved  in  alcohol. 
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and  the  alcoholic  solution  decolorized  by  animal  charcoal. 
The  narcotine  crystallizes,  on  cooling,  in  small,  colorless, 
brilliant  prisms.  Narcotine,  like  morphine,  is  almost 
insoluble  in  water,  but,  unlike  that  base,  dissolves  in  ether, 
which  will  extract  it  from  powdered  opium,  leaving  the  mor- 
phine. Narcotine  is  sparingly  soluble  in  alcohol;  both  the 
ethereal  as  well  as  the  alcoholic  solution  have  a  bitter  taste, 
and  are  optically  active,  turning  the  plane  of  polarization  to 
the  left.  Narcotine  is  insoluble  in  potash,  is  a  weak  base, 
not  alkaline,  dissolving  in  acids,  but  not  forming  well 
defined  salts.  If  a  few  crj'stals  of  narcotine  are  moistened 
with  a  little  sulphuric  acid  containing  a  trace  of  nitric  acid, 
an  intense  blood-red  color  is  produced.  Narcotine  has  a 
narcotic  effect,  but  is  not  nearly  so  poisonous  as  morphine. 
Opium  contains  usually  about  1  \ycT  cent,  of  narcotine,  and 
the  presence  of  opium  is  more  easily  detected  by  testing  for 
narcotine  than  for  morphine  itself,  on  account  of  the  solu- 
bility of  the  former  in  ether.  The  material  to  be  tested  is 
extracted  with  ether,  the  latter  evaporated,  the  residue  dis- 
solved in  dilute  hydrochloric  acid  and  a  little  cuchlorine 
water  (made  by  adding  strong  hydrochloric  acid  to  a  weak 
solution  of  potassium  chlorate  till  it  has  a  bright-yellow 
color,  and  adding  water  till  it  is  pale  yellow);  this  produces, 
with  narcotine,  a  yellow  color  in  the  cold,  becoming  pink  on 
boiling,  and  adding  more  of  the  euchlorine  water.  By  the 
action  of  oxidizing  agents,  narcotine  is  dec()m])osed  into 
opianic  acid  and  cr)tarnine,  another  alkaloid,  as  is  seen  from 
the  following  equation: 

C  1!  XO  A~0  =  C  ff  O  JrC  If  NO 

narcotine  <)i)ianic  acid       cotarnine 

151,  Co/(7r;/ i//r  {ormi^  a  yellow  or  colorless  crystalhne 
mass,  very  solul)le,  of  bitter  taste,  and  feebly  alkaline  reac- 
tions. When  narcotine  is  heated  with  water,  it  breaks  up 
into  cotarnine  and  jncconhii\  which  latter  compound  is  also 
present  in  opium: 

narcotine  mcconinc         cotarnine 
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When  subjected  to  the  action  of  hydriodic  acid,  narcotine 
loses  successively  three  methyl  groups,  and  yields  hydri- 
odides  of  three  new  bases.  One  of  them  contains  C^^H^^NO, 
and  has  been  designated  as  nornacotine  or  normal  narcotint; 
I  it  is  formed  according  to  the  equation: 
\  C„H„N0,'\-3Hf  =  C„H„NO,  +  SCHJ 

If  From  this  it  may  be  inferred  that  narcotine  is  trimcthyl 
I  nornacotine,  as  indicated  by  the  formula  C,^/f,^{Cf/,),A'0„ 
J_  given  in  Art.  150. 

153.  Opiank  aeid  C^^H^fi^  is  obtained,  together  with 
cotamine,  when  narcotine  is  oxidized  by  manganese  dioxide 
and  sulphuric  acid,  or  by  dilute  nitric  acid;  it  crystallixes  in 
sparingly   soluble  needles,  and  when  heated  with  potash. 

^Ids  meconine  and  the  potassium  salt  of  another  crystalline 

d,  hemipiiiic  acid  C^JI^^O^,  as  is  seen  from  the  following 

equation :  ^ 

„■„„■„ . .  potassium  salt -„„ 

opianic  acid  ofhemipinic  acid  ^^°'°^ 

153.  Thcbaine  C,,M^NO,  is  contained  in  opium  in  small 
proportion ;  it  remains  in  the  solution  from  which  the  hydro- 
chlorides of  morphine  and  codeine  have  been  crystallized. 
This  solution  is  mixed  with  ammonia,  which  precipitates 
thebaine  together  with  some  narcotine;  the  precipitate  is 
dissolved  in  a  little  acetic  acid,  and  the  narcotine  precipitated 
by  tribasic  lead  acetate.  The  excess  of  the  lead  is  precipi- 
tated from  the  filtrate  by  dilute  sulphuric  acid,  after  which 
ammonia  is  added  to  precipitate  the  thebaine.  This  alkaloid, 
like  morphine,  is  insoluble  in  water,  but  dissolves  in  alcohol 
and  ether,  from  which  it  crystallizes  in  plates.  Thebaine  is 
insoluble  in  alkalies,  and  its  alcoholic  solution  is  alkaline. 
Thebaine  gives  a  blood-red  color  with  strong  sulphuric  acid. 
When  heated  with  hydrochloric  acid,  it  jneldsan  isomeride, 
thcbciiine,  which  gives  a  blue   color  with   sulphuric  acid. 
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Thebaine  is  a  very  poisonous  compound,  producing  tetanic 
convulsions. 

154.  Narccinc  C^^H^^NO^  remains  in  the  solution  from 
which  thebaine  and  narcotine  have  been  precipitated  by 
ammonia.  This  is  mixed  with  lead  acetate,  to  precipitate 
the  rest  of  the  narcotine,  filtered,  the  excess  of  lead  removed 
by  sulphuric  acid,  the  filtrate  neutralized  by  ammonia,  and 
evaporated,  when  the  narccine  crystallizes,  leaving  meco- 
nine  in  solution,  which  may  be  extracted  by  shaking  with 
ether.  Narceine  crystallizes  from  water  in  prismatic  crystals 
with  2  molecules  of  water  of  crystallization;  it  is  soluble  in 
alcohol,  but  not  in  ether,  and  it  is  a  narcotic  poison.  Iodine 
gives  a  blue  color  to  its  solution. 

155.  Papaverine  C^^H,^^NO^  is  contained,  in  small  pro- 
portion, in  the  precipitate  produced  by  excess  of  potassium 
hydrate  in  the  aqueous  solution  of  opium.  The  precipitate 
is  dissolved  in  ether,  and  shiiken  with  dihite  acetic  acid;  the 
lower  layer  then  contains  the  acetates  of  narcotine,  thebaine, 
and  papaverine;  these  arc  a^ain  precipitated  by  potassium 
hydrate,  and  treated  with  oxalic  acid,  which  leaves  the  acid 
papaverine  oxalate  undissolved.  Papaverine  is  sparins^^ly 
soluble  in  water,  but  dissolves  in  hot  alcohol  and  ether.  It 
gives  a  violet-blue  solution  with  stron^^f  sulphuric  acid.  The 
poisonous  properties  of  papaverine  appear  to  be  rather 
feeble. 


156.  Aeon  I  tine. — Aconitine  C^JI^^NO^^  does  not 
belong  to  the  alkaloids  of  opium,  hut,  lackin<Tf  a  better  clas- 
sification, will  be  treated  here.  It  is  extracted  from  the  root 
of  a  plant  known  as  monk's  hood,  blue  rocket,  and  wolfsbane 
(Aconituffi  Napeliiis).  The  scrapin^cfs  of  the  root  are  boiled 
with  amyl  chloride,  the  solution  thus  obtained  shaken  with 
dilute  sulphuric  acid  to  extract  the  aconitine,  and  the  aque- 
ous liquid  neutralized  with  S(xlium  carbonate.  The  aconitine 
thus  precipitated  is  crystallized  from  ether,  and  it  may  be 
crystallized  from  alcohol  in  plates  that  are  anhydrous  and 
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which  melt  at  188° ;  aconitine  forms  well  defined  sails.  Aconi- 
tine  is  one  of  the  most  poisonous  alkaloids.  No  trustworthy 
'■hemii;al  test  to  detect  the  presence  of  aconitine  has  been 
devised  so  far.  When  heated  with  potash,  aconitiue  yields 
potassium  benzoate  and  aconite  C„H^^XO^^. 

157.  Pscudoaconitinc  C,^H^^NO,,  is  a  poisonous  alkaloid 
obtained  from  Aconitutii  ferax,  an  Indian  plant  of  the  same  < 
natural  order.  Pseudoaconitine  crystallizes  with  I  molecule 
of  water  of  crystallization.  Heated  with  potash,  it  yields 
pseudoaconine  C^,H^^NO^  and  the  potassium  salt  at 
dimethyl  paracatechuic  acid. 
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158,  Tlieo bromine. — The  two  alkaloids  tluobromint 
and  caffeine,  or  thtine,  are  closely  related  to  uric  acid.  Theo- 
bromine C,ff^N^O,  exists  in  the  beans  of  the  cacao  tree 
(Thcobrofna  Cacao),  which  are  the  raw  material  for  cocoa 
and  chocolate.  In  ordt-T  to  prepare  theobromine,  the  cocoa 
beans  are  crushed  and  exhausted  with  water,  the  aqueous 
extract  is  mixed  with  lead  acetate,  and  the  precipitate  is 
filtered  off.  The  filtrate  is  freed  from  any  excess  of  lead 
acetate  that  may  be  present  by  precipitation  with  hydrogen 
sulphide,  filtered  again,  and  evaporated  by  dryness.  The 
residue  is  dissolved  in  alcohol,  and  the  alcoholic  solution 
concentrated,  when  on  cooling,  the  theobromine  crystallizes 
out.  The  theobromine  is  thus  obtained  as  a  crystalline 
powder,  which  has  a  bitter  taste.  It  is  slightly  soluble  in 
alcohol  and  ether.  When  treated  with  hydrochloric  acid  and 
potassium  chlorate,  theobromine  yields  dimethyl  alloxantin 
C„M^{Cff,),JV^O„  and  when  dissolved  in  ammonia  and  boiled 
with  silver  nitrate,  a  white  precipitate  of  silver  theobromine 
CJI^AgN^O^hs  obtained;  when  heated  with  methyl  iodide, 
it  yields  methyl  theobromine  or  caffeine,  as  is  seen  from  the 
following  equation: 

CJ{A,^N,0,^CHJ  =  C,!l,{CH,)!^fi,-\-Agl 
silver  theobromine  caffeine 


§  15  ORGANIC  CHEMISTRY.  97 

159.  Caffeine. — Caffeine,  or  theme,  C^H^^JV^O^vras  first 
extracted  from  coffee  in  1821  by  Pelletier  and  others.  It  is 
contained  in  the  seeds  of  the  coffee  tree  {Caffea  Arabic  a) 
and  in  the  leaves  of  tea. 

Caffeine,  or  theine,  is  generally  obtained  from  tea.  Pow- 
dered tea  is  boiled  with  water  to  extract  all  the  soluble 
matter  it  contains,  and  which  amounts  to  about  30  per  cent., 
being  a  mixture  of  tannin,  caffeine,  aromatic  oil,  and  other 
substancea  The  tincture,  after  being  filtered,  is  mixed  with 
lead  acetate  to  precipitate  the  tannin,  filtered,  and  the  excess 
of  lead  precipitated  by  hydrogen  sulphide.  The  precipitate 
is  filtered  off,  and  the  filtrate  is  evaporated  to  a  small  bulk, 
when  the  caffeine  crystallizes  out.  These  crystals  may  be 
purified  by  dissolving  them  in  alcohol  and  allowing  the  caf- 
feine to  recrystallize  therefrom. 

Caffeine  fonns  long,  colorless,  silky  needles  containing 
1  molecule  of  water  of  crystallization,  which  is  expelled  at 
100^  Caffeine  melts  at  2'i5°,  and  sublimes  without  l)eing 
decomposed;  is  only  slightly  soluble  in  cold  water,  but 
readily  dissolves  in  boiling  water  and  in  alcohol;  and  it  is 
only  slightly  soluble  in  ether,  but  freely  soluble  in  chloro- 
form and  benzene.  Caffeine  is  only  a  very  weak  base,  its 
salts  being  decomposed  by  water.  The  hydrochloride 
C^H^Jffi^'HCly'^Aq  cr}\stallizcs  from  strong  hydrochloric 
acid  in  prisms;  the  sulphate  CJl^^^Nfi^-U^SO^  is  obtained 
in  needles  by  adding  dilute  sulphuric  acid  to  a  hot  solution 
of  caffeine.  By  the  action  of  chlorine  water  or  of  nitric 
acid,  caffeine  forms  mctbylaminc,  cyanogen  chloride,  and 
amalic  acid  C„//„;V/^,.  The  latter  is  tctramethyl  alloxantin 
CJ^CH^^NJD^,  and  the  reaction  indicates  a  relationship 
between  caffeine  and  the  uric-acid  group.  Heated  with 
baryta  water,  it  lircaks  up  into  carbon  dioxide  and  caffe- 
tdine  C^H^^N^O.  When  caffeine  is  boiled  for  a  few  minutes 
with  fuming  nitric  acid,  the  yellow  liquid  evaporated  to 
dryness,  and  the  residue  moistened  with  ammonia,  a  purple 
color  is  obtained;  this  reaction  serves  sometimes  as  a  test 
for  caffeine. 
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(PART  1.) 


(1)  An  orgfanic  compound  shows  the  following  percen- 
tage composition:  carbon  40;^,  hydrogen  G.G^,  oxygen  53.4^. 
Calculate  from  it  the  empirical  formula  of  the  compound. 

(^)  If  you  were  told  to  determine  the  molecular  weight 
of  a  compound  by  the  cryoscopic  method,  state  fully  how 
you  would  proceed,  and  describe  the  apparatus  you  would 
require. 

(3)  Define  the  icrvn  polymer  ism. 

(4)  Give  the  rational  formula  of  accnaphthene. 

(5)  (a)  Give  the  formula  you  would  use  to  calculate  the 
specific  volume  of  an  organic  compound.  (/;)  How  is  this 
formula  obtained  ? 

(0)     State  Van't  IIofT's  law  of  osmotic  pressure. 

(7)  Explain  why  butane  may  be  regarded  as  diethyl. 

(8)  What  do  you  understand  by  electrochemical  equiva- 
lents / 

(0)     What  do  you  understand  by  ethylenic  linking? 

(10)  Why  is  the  homologous  scries  of  saturated  hydro- 
carbons, having  the  general  formula  C,^H^^^^^,  known  as  the 
paraffin  series  of  hydrocarbons  ? 

§12 
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(11)  Is  methane  a  saturated  hydrocarbon?  If  so,  state 
why. 

(la)     Define  emulsion 

(13)  The  1-per-cent,  solution  of  a  certain  salt  shows  an 
osmotic  pressure  of  i'JO  mm.  at  29, 411°,  What  pressure  will 
the  same  solution  show  at  y.K?"  ?  Abs.  46ti.til£i  mm. 

(14)  Define  the  term  iiwleculrtT  formiila. 

(15)  Give  the  general  formula  of  the  naphthalene  hydro- 
carbons. H 

(16)  What  are  unsaturated  hydrocarbons  ?  ^H 

(17)  Define  isottifrism.  ■ 

(18)  What  do  you  understand  by  the  expression  "  specific 
heat  under  constant  pressure  "  ? 

(19)  Define  the  term  colloid. 

(20)  The  1-per-cent,  solution  of  a  certain  salt  shows  an 
osmotic  pressure  of  530  mm.  at  30",  What  pressure  will  the 
same  solution  show  at  10.35"  ?  Ans,  511.600  mm. 

(21)  Outline  the  -method  of  determining  the  molecular 
formula  of  a  monobasic  acid  from  its  empirical  formula. 

(22)  To  what  series  does  butine  C,//,  belong  ? 

(23)  Define  isotonic. 

(24)  State  what  you  know  of  the  preparation  and  proper- 
ties of  rhigolene. 

(25)  Onthne  the  method  of  determining  the  molecular 
formula  of  an  organic  base  from  its  empirical  formula. 

(20)  Give  a  description  of  Victor  Meyer's  apparatus,  and 
state  its  uses. 

(27)  Explain  the  meaning  of  the  term  dissociation  tension. 

(28)  Give  the  properties  of  marsh  gas. 

(20)  An  organic  compound  has  a  percentage  composition 
of  b\:%  of  C  12^  of  //,  and  :!2^  of  O-  Deduce  from  this  the 
empirical  formula  of  the  compound. 
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(30)  What  is  the  natural  source  of  the  paraffin  hydro- 
carbons ? 

(31)  State  the  general  composition  of  the  hydrocarbons. 

(32)  Explain  what  you  understand  by  osmotic  pressure. 

(33)  State  how  you  would  determine  the  specific  gravity 
of  a  liquid  at  various  temperatures,  and  what  kind  of  appa- 
ratus you  would  need. 

(34)  State  in  your  own  words  what  you  know  about  the 
kinetic  theory  of  gases. 

(35)  Give  the  rational  formula  for  propine. 

(36)  Define  organic  chemistry. 

(37)  Give  formulas  and  boiling  points  of  pentanc,  octane, 
and  hexadecane. 

(38)  What  is  the  general  formula  of  the  paraffin  series  of 
hydrocarbons  ? 

(39)  State  the  laws  regulating  the  diffusion  of  solutions. 

(40)  Define  isomorphism, 

(41)  What  d(x?s  an  empirical  formula  express  ? 

(42)  Explain  what  is  meant  by  **  closed-chain  "  hydro- 
carbons. 

(43)  Give  the  rational  formulas  of  licxane,  nonanc,  and 
butane. 

(44)  Explain  how  the  alcohols  arc  constructed. 

(45)  The  freezing''  point  of  111  grams  of  water  was  found 
by  Beckmann's  apparatus  to  be  0°.  On  dissolving  4  grams 
of  urea  in  the  water  and  again  determining  the  freezing 
point,  a  depression  of  1.14S°  was  observ^ed.  From  these  data 
calculate  the  molecular  weight  of  urea.  Ans.  59.33. 

(4^))     Define  specific  volume, 

(47)  State  in  your  own  words  what  you  know  about  the 
** internal  energy"  of  the  molecule. 
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(48)  Give  the  genera!  formula  ot  the  benzene  series  o£ 
'i  hydrocarbons. 

9       (49)     Define  ratioiiut foniiitla, 

f       (50)     What    do   you    umk-rstiind    by   "fractional    distil- 
J»  lation"? 

"  (51)  Does  the  formula,  1 1  i»  +  'i.r>ii  +  7.8;*,  used  in  calcu- 
latingthe  specific  volume,  hiild  good  in  all  cases?  If  not, 
,  Btate  the  exception  aud  explain. 

(53)  Docs  a  direct  relation  exist  between  the  specific 
,  heats  and  atomic  weights  of  elements  ? 

I       (53)     Give  the  fonnula  and  properties  of  toluene. 

(54)  .3050  gram  of  an  organic  compound,  containing  car- 
,  bon,  hydrogen,  and  oxygen  only,  yielded  oii  combustion 
1  ,0  gram  of  CO,  and  .:!04  gram  of  H^O.  Required,  the  [X'r- 
i^ccntuge  of  C  11,  and  O  in  the  original  compound. 

f  53.48'<  of  C. 
Ans.       11. 05;*  of  H 

l  ^5.47;*  of  O 

(55)  Define  isodimorphism. 

(5li)  Give  the  formula,  preparation,  and  properties  of 
benzene. 

(57)  Give  a  short  account  of  the  fractional  distillation  of 
petroleum,  its  products,  etc. 

(5S)     Give  the  rational  formula  of  propylene. 

(5!i)  State  what  yon  know  about  the  structure  of  carbo- 
hydnitcs. 

(UO)     IVhat  do  you  understand  by  an  homologous  series  ? 

(01)  In  determining,  by  the  cryoscopic  method,  the  molcc- 
idar  weight  and  molecular  formula  of  lactic  acid,  it  was 
found  that  by  adding  3  grams  of  the  acid  the  freezing  point 
of  IOC  grams  of  water  was  depressed  .6:19°.  Calculate  from 
these  data  the  molecular  weight  and  molecular  formula.  It 
is  known  that  the  acid  has  the  general  formula  C„//„0,. 
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(62)  State  what  you  know  about  the  s[X5cific  heat  of  com- 
pounds. 

(63)  Give  the  rational  formulas  of  ethyl  hydride,  methyl 
alcohol,  and  ethyl  iodide. 

(64)  Name  and  give  the  formulas  of  the  chlorine  substi- 
tution products  of  methane. 

(65)  Give  the  general  formula  of  the  acetylene  series  of 
hydrocarbons. 

(60)     State  Boyle's  law  according  to  the  kinetic  thcor}\ 

(67)  Give  the  rational  formula  and  a  graphical  represen- 
tation of  propane. 

(68)  Give  properties  and  prejxiration  of  ethylene. 

(69)  How  would  you  express  graphically  the  structure  of 
methane  ? 

(70)  State  the  mcxles  of  preparation  and  the  properties 
of  methane. 

(71)  Give  the  general  formula  of  the  olefines. 

(72)  Give  the  rational  formula  for  ethane. 

(73)  How  many  isomerides   of  pentane   are   known   to 
exist  ?     Name  them. 

(74)  Outline  the  method  of  determining  the  formula  of  a 
compound  by  means  of  Victor  Meyer's  apparatus. 

(75)  Describe  briefly  the  process  adopted  for  determining 
carbon  and  hydrogen  in  organic  compounds. 
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(PART  2.) 


(1)  Give  the  formula,  and  describe  the  preparation  of 
normal  butyric  acid. 

(2)  State  by  what  simple  chemical  tests  you  arc  able  to 
determine  whether  a  liquid  is  alcohol  or  not 

(3)  You  are  told  to  prepare  228.39  grams  of  citric  acid 
by  synthesis ;  how  many  grams  of  acetone  and  how  many 
liters  of  chlorine  gas,  at  normal  temperature  and  pressure, 
would  you  require  to  obtain  the  desired  quantity  ? 

(4)  How  much  alcohol  is  needed  to  produce  102  grams  of 
potassium  xanthate  ?  Ans.   55.2  grams. 

(5)  Write  the  names  of  the  following  alcohols,  as  well  as 
the  names  and  formulas  of  the  acids  derived  from  them: 

CU^'OH 

CJf^'OIJ 

CJlrOH 

(n)  As  a  rule,  arc  organic  compounds  obtained  by  syn- 
thesis optically  inactive  ? 

(7)  How  is  oxalic  acid  prepared  ? 

(8)  What  is  the  name  of  a  compound  having  the  formula 

CH^Cl'COOHt 
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(9)  What  products  are  obtained  whtn  lactic  acid  is  oxi- 
dized with  chromic  add  ? 

(10)  State  how  isomeric  alcohols  are  classiiied. 

(11)  Give  a  few  characteristic  reactions  of  oxalic  acid. 

(IS)     Give     the     name     of     the    following     compound: 
CJf,,-CO,N<r. 
(i;S)     What  do  you  understand  by  acetic-acid  fermentation? 
(14)     What  is  meant  by  an  optically  active  compound  ? 

{I  S)  Give  the  formula  of  citric  acid,  and  stale  how  the 
I  adulteration  of  this  acid  may  be  detected. 

(to)  Name  the  compound  having  the  formula 
1  CJ{fiHCHO. 

(17)  Required,  UK)  kilos  of  formic  ticid;  how  many  kilos 
t  of  oxalic  acid  arc  re<]uireil  ?  Ans.  1U5.C5  kiloa 

(IR)    How  is  glycollic  acid  prepared  ? 

(10)  Write  the  formula  for  (rt)  etbyl  alcohol;  (i^)  ether; 
(c)  acetic  anhydride ;  ((/)  aldehyde. 

(20)  How  can  you  explain  stereo-isomerism  ? 

(21)  State  what  you  know  about  the  constitution  of  the 
ketones. 

(22)  What  are  the  products  of  oxidation  of  glycols  ? 

(23)  Give  formula  of  di-ethyl  sidphide,  and  state  how  it 
is  prepared. 

(24)  How  can  oil  of  bitter  almonds  be  converted  into 
benzoic  acid  and  vice  versa  ? 

(as)  For  what  determination  is  ammonium  oxalate  used 
in  analytical  chemistrj'  ? 

(20)     Define  alcohols. 

(27)  Name  the  properties  and  mode  of  preparation  of 
methyl  alcohol. 
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(28)  What  is  Fehling's  solution  and  for  what  purpose  is 
it  used  ? 

(29)  Explain  the  construction  of  organic  acids. 

(30)  To  what  class  of  compounds  docs  CJIJl^OH)^'CO^H 
belong  ?     Name  this  compound. 

(:31)  How  may  the  three  classes  of  alcohol,  viz.,  primar}% 
secondary,  and  tertiary,  be  chemically  distinguished  by 
means  of  certain  oxidizing  agents  ? 

(32)  What  do  you  imderstand  by  lactous  fermentation  ? 

(33)  How  are  aldehydes  obtained  ? 

(34)  How  many  varieties  of  valeric  acid  arc  known? 
Name  them  and  give  their  formulas. 

(35)  Stave  to  what  class  of  alcohols  allyl  alcohol  belongs, 
give  its  formula,  and  tell  how  the  alcohol  may  be  prepared. 

(30)  Are  raccmic  and  tartaric  acids  related  ?  If  so, 
explain  fully  how. 

(37)  (a)  Can  ethyl  alcohol  Ix?  prepared  synthetically  ?  If 
so,  state  how  you  would  prcK'eed,  (b)  How  is  alcohol 
usually  prepared  in  the  arts  ? 

(38)  Give  the  formula  of  phenol  phlhalcin,  and  state  for 
what  purpose  this  conipoimd  is  frcciuenlly  used. 

(30)  Explain  how  the  strength  of  alcohol  is  usually 
determined. 

(40)  Name  the  compound  having  the  formula 
CJfXo/f).,CIf:  CllCOJf,  and  state  how  it  is  prepared. 

(41)  Describe  fully  how  cthcne  alcohol  is  prepared. 

(42)  How  many  grams  of  potassium  formate  can  be 
obtained  from  500  liters  of  carbon  monoxide  ? 

Ans.   1,875  grams. 

(!.'))     Explain  what  cnautiomorpJious  means. 
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-  ''rite  the  equation  by  which  mercaptan  is  produced 

torn  calcium  sulphethylate  and  potassium  hydrosulphidc, 

(45)  Give  the  general  formula  of  the  dibasic  acids  obtained 
from  olefine  hydrocarbons  (acids  of  ihc  fumaric  scries). 

(4(1)  What  action  has  sulphuric  acid  and  heat  on  luetic 
Etcid  ? 

(47)  What  do  you  underiitand  by  alcoholic  fermentation  ^ 

(48)  Give  tlie  general  formula  of  the  dibasic  acids  obtained 
rom  parafGn  hydrocarbons. 

(40)  Name  the  compound  havinjj  the  fnrmula 
FI,0/f{CllOH),-CII,Oir. 

{'ifi)  Give  the  fornnilii  of  tartaric  acid,  mid  state  hnw  this 
portaDt  compound  is  prepared. 

(51)     Describe  the  mamifacluro  of  vineg'at, 
I)     Name      the       compound      having      the      formula 
Cn,(COJi)^.  and  state  how  it  Is  prepared.  2 

(53)  What  do  you  understand  by  a  diatomic  alcohol  ? 

(54)  What  is  the  composition  of  writing  ink  ? 

(55)  Give  formula  and  describe  the  preparation  of  acetic 
aldehyde. 

(5C)  Give  formida,  preparation,  and  properties  of  butyl 
alcohol. 

(57)  Name  the  compounds  having  the  formula.s 
(C.//.C(?),(9and  (f./Z^Ct^i.C,,  and  state  how  they  are 
prepared. 

(.^8)  Name  the  compound  having  the  formula 
CJf,,-COJf. 

(flft)     How  is  the  componiid  C.//.((9C/^,)-CO,//obtaincd  ? 

(CO)  (rt)  State  what  you  know  about  the  formation  of  the 
monohydric  alcohols  of  the  benzene  series,  {b)  What  arc 
these  alcohols  called ' 
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(Gl)  Give  the  most  important  reaction  by  which  the 
phenol  acids  may  be  obtained. 

(02)  Can  oil  of  bitter  almonds  be  artificially  prepared  ? 
If  so,  state  how  and  show  the  process  through  equations. 

(63)  Explain  fully  the  constitution  of  monobasic  acids 
obtained  from  polyhydric  alcohols. 

(64)  (/?)  How  are  the  monohydric  alcohols  of  the  paraffin 
series  theoretically  prepared  ?  (b)  Give  the  general  formula 
of  these  alcohols. 

(65)  In  how  many  modifications  may  f umaric  acid  exist  ? 
Give  the  formula  of  each  modification. 

(GQ)  Give  the  names  and  formulas  of  the  known  varieties 
of  crotonic  acid. 

(67)  What  appears  to  be  the  essential  construction  of  all 
optically  active  compounds  ? 

(68)  Describe  the  continuous  etherification  process. 

(69)  Define  cthoxidcs,  and  give  name  and  formula  of  one 
or  two  ethoxidcs  as  an  example. 

(70)  How  is  acetic  acid  prepared  ? 

(71)  Give  formula,  preparation,  and  properties  of 
glycerine. 

(72)  What  do  you  imderstand  by  {n)  plane-symmetrical, 
or  cis,  formula,  and  (/')  axial-symmetrical,  or  ceutri-symmet- 
rical,  or  trans,  formula  ? 

(73)  What  are  mixed  ketones  ? 

(74)  How  is  hcxa-hydruxy-anthraquinone  C^J/'^{OI/)^0^ 
obtained  ? 
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(PART  8.) 


(1)  If  sulphocyanic  acid  is  added  to  ferric  chloride,  ferric 
thiocyanate  is  obtained  as  a  blood-red  solution;  the  same 
color  is  shown  by  ferric  acetate,  obtained  by  adding  a  neutral 
acetate  to  the  solution  of  a  ferric  salt.  By  what  simple 
test  could  you  positively  and  quickly  determine  which  is  the 
ferric  thiocyanate  and  which  the  ferric  acetate  ? 

(2)  Name  some  aniline  substitution- products. 

(3)  Complete  the  following  equation : 

(4)  What  is  formed  when  chloroform  is  heated  with  an 
alcoholic  solution  of  caustic  potash  ? 

(5)  State  what  you  understand  by  ketonic  decomposition. 

(6)  How  much  zinc  is  required  to  prepare  194  grams  of 
zinc  ethide  ? 

(7)  What  do  you  understand  by  a  nitrile  base  ? 

(8)  The  formula  of  glycocoll  C/f^^V/Q'COJf  signifies 
that  this  compound  is  an  acid;  this  being  the  case,  what  is  it 
frequently  called  ? 

(0)  State  how  potassium  cyanide  is  prepared,  and  illus- 
trate the  process  by  an  equation. 
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(10)  State  what  you  understand  by  a  reversible  reaction. 

(11)  State  the  properties  of  iodoform. 

(13)  What  class  of  compounds  are  usually  called  "mus- 
tard oils  "  ? 

(13)  Give  the  formula,  and  state  how  phenyl  hydrazine 
may  be  prepared. 

(14)  How  may  urea  Ix;  prepared  ? 

(15)  What  is  the  jjcneral  method  of  preparing  primary 
amines  ? 

(IC)  What  do  you  understand  by  a  mctaIlo-org:anic  com- 
pound } 

(1 7)  Name  the  compound  haWng  the  formula  {C,f/,),SO,. 
(I  H)     How  may  mustard  oil  be  artificially  obtained  ? 

(18)  What  is  an  anxochromc  ? 

(20)  Name  the  decomposition  products  obtained  when 
oxamide  is  passed  throug'h  a  red-hot  ^lass  tube,  and  show  the 
decomposition  by  an  equation. 

(31)     Define  an  amido  acid. 

(22)  Show  by  an  equation  the  reaction  that  takes  place 
when  a  reducing  agent  acts  on  nitrobenzene,  and  name  the 
chief  product, 

(23)  How  is  amyl  nitrite  prepared  ? 

(24)  What  is  formed  when  chloroform  is  heated  with  an 
alcoholic  solution  of  ammonia  in  a  sealed  tube  ? 

(25)  How  is  methyl  chloride  usually  prepared  ? 

(2G)  Give  the  formula  of  methyl  cyanide,  and  state  what 
valence  nitrogen  is  supposed  to  have  in  this  and  other  simi- 
lar compounds. 

(-27)     What  do  you  understand , by  a  substantive  dye? 
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(28)  State   what  you   know  about  the    constitution   of 
amides,  and  how  they  are  prepared. 

(29)  Define  an  amide. 

(30)  How  are  nitroparaffins  prepared  ? 

(31)  State  how  ethereal  salts  are  formed. 

(32)  What  is  the  chief  property  of  chloroform  ? 

(33)  Give  the  chemical  name  and  formula  of  Prussian 
blue. 

(34)  State  what  you  know  about  the  constitution  of  diazo 
compounds. 

(35)  Name  some  alkyl  derivatives  of  aniline. 

(36)  State  the  most  remarkable  property  of  the  cacodyl 
compounds. 

(37)  State  formula,  properties,  and  method  of  prepara- 
tion of  nitroglycerin. 

(38)  State  how  chloral  may  be  prepared. 

(39)  Give  chemical  name  and  formula  of  the  compoimd 
known  as  **oil  of  the  Dutch  chemists." 

(40)  Has  hydrocyanic  acid  been  prepared  synthetically  ? 
If  so,  state  how  you  would  proceed. 

(41)  Give  the  equation  showing  the  formation  of  diazo- 
benzene  nitrate  from  aniline  nitrate. 

(42)  Why  is  benzyl  amine  metamcric  with  tohiidine  ? 

(43)  Define  an  amine. 

(44)  Name  some  of  the  pflyccrides  of  the  higher  fatty 
acids. 

(45)  Give  the  properties  and  formula  of  acetyl  chloride. 
(40)     How  is  chlorofonn  made  ? 

(47)     How  is  potassium  fcrrocyanide  prepared  ? 
(-48)     Give  the  formula  of  glycocoll. 
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(49)  Give  the  formula  and  state  the  properties  of  methyl 
amine. 

(50)  State  fully  how  zinc  ethide  is  usually  prepared  in  the 
laboratoiy. 

(51)  How  is  methyl  sulphuric  add  prepared  i 
(53)    How  is  bromoform  prepared  i 

(53)  Give  the  decomposition  products  of  ethyl  iodide  that 
are  obtained  when  this  componod  is  exposed  to  the  stmlight 
for  some  time. 

(54)  Give  the  formula  for  prussic  add. 

(55)  What  is  meant  by  a  diazo  leactioo  t 

(66)    How  are  acid  derivatives  of  aniline  obtained  ? 

(57)  Who  thoroughly  inveAlgated  the  cacodyl  com- 
poimdsr 

(58)  What  is  dynamite  > 

(30)  Give  the  formula  of  trichloracetic  add,  and  stete 
how  this  compound  may  be  obtained. 

(00)  How  many  grams  of  glycol  are  required  to  obtain 
39  grams  of  ethylene  chloride  ? 

(Gl)  Give  chemical  name  and  formula  of  the  so  called 
Tumbull's  blue. 

(GS)     Define  diazo  compounds, 

(03)  How  is  aniline  prepared  f 

(04)  Name  the  compound  having  the  formula  PH^-C^H^. 

(05)  Give  the  general  method  of  preparing  ethyl  salts  of 
acids  of  the  acetic  scries,  containing  more  than  10  carbon 
atoms. 

(00)  Give  the  formulas  of  compounds  formed  when  chloral 
is  brotijjht  together  with  sodium  hydrate. 

(CT)     What  do  you  understand  by  an  adjective  dye  f 
{(iS)     Kame  the  compound  having  tlie  formula  (6'(?jV//,),. 
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(00)     Complete  the  follow! n<^  equation,  which  represents 
the  formation  of  nitromethane; 

cir,cico^K-\-  KNO^^  ir,o  =  ? 

(70)  In  how  many  modifications  can  dihalogen  deriva- 
tives of  ethane  exist  ? 

(71)  How  much  bromine  and  allyl  icxlide  are  required  to 
prepare  250  grams  of  tribromhydrin  ? 
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(13)  Give  a  yinera]  outline  of  the  properties  of  phenol  as 
B  class. 

(14)  Give  the  name  of  the  altaloid  having  the  formula 

(15)  Give  the  chief  properties  of  uric  acid,  and  name 
some  of  its  derivatives. 

(IC)     Point  out  the  chief  properties  of  sucrose. 

(I?)  State  what  you  understand  by  a  quinonoid  structure, 
and  whut  peculiar  projwrty  compounds  possess,  having  such 
a  structure. 

(18)  State  tho  principle  involved  in  the  application  of 
indi^  as  a  dye. 

(19)  To  what  organic  substances  is  the  term  alkalouh 
applied  ? 

(Sil)     Stale  what  you  understand  by  alcoholic  femienta- 
j  tion. 

(31)  For  what  pur]X)se  is  phenol  phthalein  used  in  analyti- 
cal chemistry  ? 

(22)  How  is  resorcinol  prepared  on  the  large  scale,  and 
for  what  purposes  is  it  used  ? 

(83)     Define  phenols. 

(24)  How  much  benzene  would  you  require  to  prepare 
134.300  grams  of  quinone  ?  Ans,  97  grrams. 

(25)  (n)  How  is  artificial  tourmaline  prepared?  (i)  What 
is  its  most  characteristic  property  ? 

(2C)  Give  name  and  properties  of  tho  compound  to  which 
the  formula  ruf',  cfp'^  ^^^  been  assigned. 

(■i7)     What  do  you  understand  by  "invert  sugar"? 

(-28)  Do  you  consider  the  presence  of  ftavopurpurin  and 
anthrapur]Mirin  in  commercial  ahzarin  used  for  dyeing  pur- 
poses a  disadvantage  ? 
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(29)  Give  the  formula  of  picric  acid,  and  point  out  its 
properties. 

(30)  Give  the  formula  of  cocaine,  and  state  what  particu- 
lar properties  this  compound  possesses. 

(31)  What  is  **  peptonized  albumin  **  ? 

(32)  What  is  the  chief  physical  difference  between  glucose 
and  levulose  ? 

(33)  How  is  chloranil  prepared  ? 

(34)  Name  the  most  important  and  best  known  substitu- 
tion derivative  of  phenol. 

(35)  Give  the  names  of  the  different  alkaloids  occurring 
in  the  different  varieties  of  the  cinchona  bark. 

(30)     What   is   the   most   characteristic   property  of  the 
disaccharides  ? 

(37)  {a)  How  is  alizarin  synthetically  prepared  ?  (b)  What 
are  its  uses  ? 

(38)  What  is  the  most  characteristic  feature  in  cases  of 
atropine  poisoning  ? 

(3!»)     How  may  albumin  be  obtained  ? 

(40)  {a)  State  in  which  proportion  hydrogen  is  always 
present  in  carbohydrates.      (/;)  Give  their  general  formula. 

(41)  From  what  are  the  quinoncs  derived  ? 

(42)  How  may  the  presence  of  phenol  be  detected  ? 

(43)  Where  does  nicotine  for  the  most  part  occur  ? 

(44)  Give  the  formula  and  properties  of  indigo. 

(45)  Give  the  percentage  composition  of  glucose. 

(4G)     Does  pyrogallol  give  any  color  reaction  with  solu- 
tions of  ferrous  salts  ? 

(4T)     vShow  by  an  equation  how  phenol  is  converted  into 
picric  acid  by  means  of  nitric  acid. 

(48)     How  are  the  alkaloids  usually  classified  ' 
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:   |M)    An  TegetabliB  CCdorlng  nutten,  as  a  rule,  preferable 
to  tliaae  obtained  ftom  other  scmices  ? 
(M)    What  are  stereo-lsatiieriides  ? 

(01)  Methjl-phenyl  ether  may  be  prepared  as  shown  Jif 
-  the  subjoined  eqnaticMi: 

CJf^OK-^CHJ^  CJt^-O'CH^ArKI 
Ii  there  an  analogous  method  that  can  be  used  in  the 
pceparation  of  ordinary  ether  ? 

(65)  State  Ae  most  diaracteristic  property  of  the  alka- 
loids. 

(ffS)  For  what  porpoie  is  i^TOgaUol  used  in  analytical 
chemistiyr 

(54)  Qive  the  formula  preparatioDB  and  the  properties  oC 
cartKtlic  acid. 

(66)  When  does  o^hemc^lobin  occur  ? 

(6S)    How  and  from  what  is  stardL  mamifactiiied? 
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